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Abstract
The health-promoting influence of high-quality, supportive close relationships has
been extensively documented, yet the mechanisms of this effect are less well-understood.
Leading researchers have galvanized the field to test particular relationship processes and
the mediating psychological processes they facilitate to pinpoint how close relationships
exert their salutary effects. The purpose of this study was to investigate the influence of
the intimacy process on health outcomes of sleep and pain and if this effect depends on
the facilitation of psychological processes in a sample of veterans and spouses
(collectively called military-connected couples; N=147). Sleep problems are highly
prevalent among military-connected couples and pain is highly prevalent among veterans.
Results of actor-partner interdependence models revealed that perceived partner
responsiveness (PPR), a core component of the intimacy process, was found to predict
sleep for military-connected couples and to predict pain for veterans. Indirect effects of
PPR on sleep via the psychological process of downregulation of vigilance for militaryconnected couples emerged. The indirect effect of PPR on pain via the psychological
process of emotion-regulation was found for veterans only. Partner effects were observed
for veteran PPR on spouse positive affect. Overall, greater PPR was associated with
positive health outcomes for military-connected couples. The implications of this study
include further establishing the intimacy process as a particular mechanism by which
close relationships promote health as well as providing insights for holistic interventions
for sleep problems and pain in military-connected couples.
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Chapter One - Introduction and Literature Review
Problem Statement
Overview of Health Problems of Service Members and Veterans
Over 2.6 million United States service members have deployed to Afghanistan
and Iraq to participate in Operation Enduring Freedom (OEF), Operation Iraqi Freedom
(OIF), and Operation New Dawn (OND; National Research Council, 2012). As of 2013,
it was estimated that about 1.6 million of these service members have separated from the
military (Adams, 2013). These military veterans contend with unique health challenges
stemming from military experiences such as exposure to improvised explosive devices
(National Research Council, 2013), resulting in higher rates of medical needs, mental
health needs, and disability in post-9/11 veterans, compared to earlier generations of U.S.
veterans (Autor et al., 2016; Nock et al., 2013). Examples of these physical and mental
health needs include treatment for post-traumatic stress disorder (PTSD), traumatic brain
injury (TBI), depression, and substance abuse (Adams et al., 2012; Barlas et al., 2013;
Bray et al., 2009; Hoge, Auchterlonie, & Milliken, 2006; Hyman, Ireland, Frost, &
Cottrell, 2012; Larson et al., 2013; Lazar, 2014; Pickett et al., 2015; Reger et al., 2015;
Schoenbaum et al., 2014). Whereas these health issues contribute to difficulty at work, at
home and for overall health and well-being, sleep disturbances and pain are especially
prevalent and problematic for this population. As detailed below, they can exacerbate
other health problems, complicate reintegration into civilian life, and worsen quality of
life for veterans.
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The importance of sleep in health maintenance cannot be overstated as it is
essential for healthy brain function, emotional well-being, repairing tissue damage from
normal wear and tear, improving immune function, maintaining the balance of hormones,
decreasing the risk of health problems such as obesity and stroke (National Heart, Lung
and Blood Institute, 2018). The short-term consequences of insufficient sleep, such as
grogginess, irritability, and overeating throughout the day, can be problematic.
Insufficient sleep over time is predictive of a variety of diseases (e.g. diabetes, heart
disease) as well as all-cause mortality (e.g. Cappuccio, D’Elia, Strazzullo, & Miller,
2010; Chandola, Ferrie, Perski, Akbaraly, & Marmot, 2010). Clearly, sleep is an
important health behavior that ameliorates other physical and mental health issues. Given
that veterans contend with elevated rates of certain physical and mental health issues (as
detailed below), it is critical to optimize sleep in veterans in order to promote their overall
health. Taken together, promoting sleep would not only ameliorate symptoms from other
comorbid health problems, it would also enable the veteran to fully engage in work,
manage responsibilities at home, and to enjoy a rich social life.
Likewise, pain is an important health outcome to investigate due to the
overwhelmingly negative impact that both acute and chronic pain have on most parts of
daily life, including the ability to adequately perform in roles at work and at home. As
such, pain is widely recognized as a quality of life indicator (Niv & Kreitler, 2001). In the
long-term, individuals with chronic pain are more likely to have difficulty working and to
have depression or anxiety than people without chronic pain (Gureje,Von Korff, Simon,
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& Gater, 1998). In the following section, I review the current understanding of these
problems and their impact on the lives of veterans and their spouses in further detail.
Sleep Disturbances. Sleep disturbances encompass a variety of symptoms such
as sleeping less than the recommended minimum of 7 hours per night and requiring an
excessive amount of time to fall asleep. High prevalence of sleep disturbances has been
documented among service members and veterans (Plumb, Peachey, & Zelman, 2014;
Troxel et al., 2015). In a sample of 375 currently non-deployed OEF and OIF service
members and veterans, Plumb and colleagues (2014) found that 89% were poor sleepers
as assessed by the global Pittsburgh Sleep Quality Index (PSQI). In particular, 21% slept
less than 4.5 hours per night, 45% took longer than 30 minutes to fall asleep, and 56% of
them rated themselves to be bad sleepers. There are a variety of risk factors associated
with military life that may contribute to sleep problems at various points of the military
career. From the extreme demands and irregular schedules of basic training to the
stressful sleep environments and overnight watch duties of deployment, service members
endure occupational environments that contribute to sleep disturbances during these
career stages and beyond (Hughes, Ulmer, Gierisch, Hastings, & Howard, 2018;
Peterson, Goodie, Satterfield & Brim, 2008; Troxel et al., 2015). As mentioned above,
sleep disturbances have profound consequences in the short term (e.g. cognitive
impairment, increased emotional irritability, increased incidence of interpersonal
conflicts) as well as devastating impacts in the long term [e.g. increased mortality and
morbidity risk, exacerbated mental health issues, and increased risk of suicidal ideation
and suicide attempts (for reviews, see Barnes & Drake, 2015; Buysse, 2014; Pigeon,
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Pinquart & Conner, 2012; Troxel, 2010)]. Further, sleep disturbances and mental health
issues share a bidirectional relationship (Hoge et al., 2004; Martindale, Morissette,
Rowland, & Dolan, 2017). For example, PTSD symptoms such as hypervigilance delay
sleep onset and cause sleep disruptions, which is problematic because poor sleep quality
exacerbates PTSD symptomology (Hoge et al., 2004; Martindale et al., 2017).
To address widespread sleep disturbances, the Department of Defense and the
branches of the military have recently taken crucial steps, such as establishing policies
and programs that aim to promote sleep health (see Troxel et al., 2015 for review). While
much is known about the individual-level factors that influence sleep (such as caffeine
use, exposure to blue light from technology before bed, worrying before bed), relatively
little is known about the specific relationship processes (or series of interactions that
occur between two individuals) that facilitate or hinder restorative sleep. Yet, sleep
processes are embedded in the marital context because most adults share the bed with
their romantic partner (about 70%; National Sleep Foundation, 2012) and because
relationship processes are both influenced by sleep and influence sleep (Troxel, 2010).
For example, daytime interpersonal conflict with one’s partner has deleterious effects on
sleep that night (Hicks & Diamond, 2011). Further, a previous night’s poor sleep
increases the likelihood of marital conflict the next day (Gordon & Chen, 2014). In hopes
of developing a more comprehensive understanding of sleep, research has increasingly
included both members of a romantic couple to examine the relationship processes
unfolding between them, and how they might influence sleep (Troxel, Robles, Hall, &
Buysse, 2007; Troxel, 2010). Researchers have found important preliminary evidence for
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the influence of relationship processes on sleep. One recent empirical study found that
feeling supported by one’s partner facilitates the downregulation of vigilance, which is
required for high quality sleep, and is associated with improved sleep quality (Selcuk,
Stanton, Slatcher & Ong, 2017). Taken together, it is clear that service members and
veterans struggle with sleep disturbances, and commonly used individual-level
approaches to research and intervene upon sleep problems do not address the social
influences of romantic partners. As the paragraph above details, relationships with close
others have the ability to influence sleep. Similarly, the next section reviews the current
understanding of how relationships affect pain.
Pain. Pain is especially relevant for military veterans, as military experiences
(such as explosions experienced in combat) contribute to pain. Pain experiences lasting
longer than three to six months are diagnosed as chronic pain. It is estimated that 50% of
veterans meet diagnostic criteria for chronic pain (Kerns et al., 2003). The influence of
pain on physical and psychological health problems can be far-reaching. For example,
one study of OEF/OIF/OND veterans found that pain predicted poor sleep quality and reexperiencing symptoms of PTSD (e.g. Powell et al., 2015). Further, the pain of service
members and veterans is relevant to their romantic partners, as pain is influenced by
social factors, in addition to biological and psychological factors (Gatchel et al. 2007). In
a systematic review, Krahé, Springer, Weinman and Fotopoulou (2013) documented an
example of the social modulation of pain wherein positive interactions with romantic
partners provided stronger analgesic effects than acquaintances or strangers in the context
of experimentally-induced pain. The mechanisms for such analgesic effects of close
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relationships is not well-understood, but it is theorized that relationship processes impact
one’s ability to manage one’s emotions (Coan, 2011). In turn, this fostering of emotionregulation might extend into other experiences that have a strong affective component,
such as pain (Melzack & Casey, 1968).
Intimacy Process
To explain the analgesic and sleep-promoting effects that close relationships can
facilitate as described above, current empirical work has pointed to a particular
relationship process as a possible contributor of these salutary effects-- the intimacy
process. The intimacy process consists of reciprocal and iterative interactions, including
self-disclosures (the sharing of personal emotional information), response to selfdisclosure, and perceived partner responsiveness (the degree to which one feels validated,
understood, and cared for by one’s partner; Laurenceau, Rivera, Schaffer, &
Pietromonaco, 2004; Reis & Shaver, 1988). The intimacy process emerges as a likely
explanatory mechanism of the health-promoting effects that close relationships foster.
This is due, in part, to the notion that feeling supported by another person, especially a
close loved one, is a major predictor of the analgesic and sleep-promoting effects of close
relationships, as evidenced by the aforementioned research (e.g. Master et al., 2009;
Oishi, Schiller, & Gross, 2013; Selcuk et al., 2017). Feelings of being supported are
fostered by the intimacy process. The intimacy process has been significantly associated
with positive health outcomes. For example, Slatcher, Secluk and Ong (2015) found that
perceived partner responsiveness predicted healthier cortisol slopes after 10 years. One
reason for this significant health impact is that perceived partner responsiveness has been
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found to downregulate anxiety and arousal, and to instill a sense of security and calmness
(Selcuk, Zayas, & Hazan, 2010). In essence, the intimacy process is likely healthpromoting for pain, sleep, and general physical health outcomes because it sets into
motion downstream positive psychological processes that promote health.
Methodological Innovations
Research about health has overwhelmingly been approached on the individual
level, ignoring the mutual influence of significant others. This is because theories about
the mechanisms by which relationships impact health have evolved in only the last few
decades and the advanced statistical methods required to test these theories have only
been innovated as recently as the early 2000s (Reed, Butler & Kenny, 2013). This
exclusion of influential and enduring close relationships, such as those with spouses,
from research misses a substantial piece of the health puzzle, as it is widely documented
that close relationships play a fundamental role in promoting health and well-being (see
Pietromonaco & Collins, 2017 for review). For example, a husband can enthusiastically
respond to his wife’s news of the getting a long-awaited promotion at work and his
response of the good news (i.e. capitalization) can foster positive affect beyond the
influence of the positive event itself (Gable & Reis, 2010). This fostering of positive
affect, in turn, predicts better physical health outcomes, such as improved cardiovascular
health (Boehm & Kubzansky, 2012). Given that significant others are often the primary
relationship and source of support for adults (e.g. Birditt & Antonucci, 2007; Barger &
Cribbet, 2016), it is unsurprising that high-quality partnerships or marriages are highly
predictive of better health (e.g. Kiecolt-Glaser & Newton, 2001; Robles, Slatcher,
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Trombello, & McGinn, 2014). To investigate the way that members of militaryconnected couples influence one another’s health, this thesis incorporates the
perspectives of both the veterans and their spouses to examine interdependencies. Note
that military-connected couples refer to couples in which at least one member is a current
or former service member.
The prevailing standard of modeling dyadic data (i.e. data that incorporates two
members of a pair such as in a romantic couple) is the Actor-Partner Interdependence
Model (APIM; Cook & Kenny, 2005; Reed et al., 2013 for review). The APIM models
how members of a dyad influence each other and themselves. For an example relevant to
this paper, an APIM can simultaneously model the impact of a veteran’s feelings of being
supported (i.e. PPR) on his own sleep quality and on his spouse’s sleep quality as well as
his spouse’s PPR on both her own and her husband’s sleep quality through the mediator
of downregulation of vigilance. In layman’s terms, an individual who generally feels
supported by his or her spouse might be able to relax more and thus sleep better.
Similarly, an individual who feels supported might be able to regulate his or her emotions
better and thus feel less pain due to the highly affective nature of pain.
Everyday mundane interactions, as well as fleeting emotional states, such as
relaxation, can have lasting implications for health but these interactions need to be
captured close in time to their occurrence as they can be forgotten or interpreted
inaccurately later. To address this methodological concern, this study utilizes daily diary
methodology to reduce biases attributable to misremembering events (i.e. retrospective
bias; Reis & Gosling, 2010). For the present thesis, I aggregated daily diary data about
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emotions, sleep and pain. This approach is intended to answer the questions regarding if
members of military-connected couples who feel more supported in general sleep better
and feel less pain. Future analyses will assess how relationship processes that influence
sleep and pain over time to examine how these processes unfold. Together, the
innovations of dyadic data analysis and daily diary designs are powerful tools to
investigate the relationship processes underlying the well-documented links between
close relationships and health (Reed et al., 2013).
The Present Research. The current study uses the innovations of dyadic data
analysis and daily diary designs to investigate whether greater perceived partner
responsiveness predicts higher sleep quality and less pain. Investigating the influence of
romantic partner is crucial for understanding the veterans’ and spouses’ sleep quality and
pain for several reasons. First, most OEF/OIF/OND veterans are married (Department of
Defense, 2016). Secondly, both members of the military-connected couple cope with
health problems experienced by the veteran and these health problems share a
bidirectional relationship with relationship functioning (Lewis, Lamson & Leseuer, 2012;
Trump, Lamson, Lewis, & Muse, 2015). Last, the health outcomes of pain and sleep are
increasingly being researched with respect to the social contexts in which they occur,
rather than employing the traditional individualistic model, thus restricting the scope to
individual-level factors. The overarching theoretical framework being tested in this thesis
is based on Pietromonaco and Collins (2017), which asserts that relationship processes
impact health outcomes by facilitating psychological processes. More about this
framework, as well as sleep-specific and pain-specific theories that are consistent with
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the overarching Pietromonaco and Collins’ framework (2017), will be probed in
subsequent sections. Therefore, this study contributes to the close relationship-health
literature by utilizing the dyadic APIM approach and daily diary design to examine the
effects that the intimacy process has on the health outcomes of pain and sleep via
psychological processes. This approach may serve to inform potential new venues of
intervention for military-connected couples struggling with sleep disturbances and/or
pain. The following sections will review the literature relevant to the hypotheses that the
intimacy process promotes sleep and decreases pain through intermediary psychological
processes.
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Social Relationships and Health
The Need to Belong
The need to belong is the fundamental “drive to form and maintain at least a
minimum quantity of lasting, positive, and significant interpersonal relationships”
(Baumeister & Leary, 1995, p. 497). This deep-rooted evolutionary drive stems from the
significant survival and reproductive benefits associated with close social bonds.
Evolutionary mechanisms appear to have developed to reinforce social contact and
relatedness with positive emotion and to punish real, imagined or potential threats to
social bonds with emotional distress (Baumeister & Leary, 1995). Researchers have
found that social relationships characterized by positive interactions that are both regular
and ongoing while mostly being free from conflict satisfy the need to belong (Baumeister
& Leary, 1995). Accordingly, belonging has important implications for physical health
and well-being. In their seminal work, Baumeister and Leary (1995) reviewed the
literature to show that belonging is associated with a multitude of psychological benefits,
(e.g. increased happiness, contentment, and calmness) and physical health benefits (e.g.
lowered mortality rates). As it is a fundamental human need, the chronic failure to satisfy
the need to belong can result in pathological consequences beyond the temporary
emotional distress of detecting rejection, as described above (Baumeister & Leary, 1995).
Individuals lacking close social ties, and therefore belongingness, suffer more from
psychological and physical health problems than those with close social ties (Baumeister
& Leary, 1995). For example, people who lack close relationships more often contract
cancer and heart disease, have damaged immune systems, and have increased mortality
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risk (Berscheid & Reis, 1998). Importantly, the causality is unclear. It may be true that
relationships enhance health, good health fosters supportive relationships, bidirectional in
that both effects feed into each other, or that this effect could be confounded by some
other variable all together (Fiske, 2004). However, there is a sizable body of literature
showing that social relationships, and especially high-quality relationships characterized
by supportiveness that would satiate the need to belong, are predictive of improved health
outcomes.
An impressive wealth of evidence, rooted in disciplines including health
psychology, social psychology, sociology and medicine, have consistently revealed
profound effects of social relationships on psychological and physical health. This body
of research stems from the seminal work of sociologist Émile Durkheim who found that
lacking social ties and the social resources that follow from them contribute to suicide
risk (Durkheim, 1951). Considerable empirical evidence has demonstrated that social
integration with a network of diverse social ties and social support are positively
associated with and causally linked to psychological health and physical health (e.g.
Berkman, 1995; Cohen & Wills, 1985; Ertel, Glymour, & Berkman, 2009; House,
Landis, & Umberson, 1988; Reynolds & Kaplan, 1990; Seeman, 1996; Uchino, 2004;
Umberson & Montez, 2010). A meta-analysis of 148 longitudinal studies consisting of
data from 308,849 individuals over an average of 7.5 years found a 50% increased
survival rate for participants with stronger social relationships leading them to conclude
that the influence of social relationships on risk of mortality is comparable to wellestablished risk factors for mortality such as obesity and physical inactivity (Holt-
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Lunstad, Smith, & Layton, 2010). Similarly, significant health issues have been linked
with low social integration, including greater mortality, poor immune system functioning,
and an increased risk of mortality from circulatory disease, heart disease, and cancer
(Berkman et al., 2000; Cohen, 2004; Cohen & Lemay, 2007; House, Landis, &
Umberson, 1988; Kuntsche, Knibbe, Gmel, 2009; Pressman, Cohen, Miller, & Rabin,
2005; Reynolds & Kaplan, 1990).
As romantic partners are the primary relationship and source of support in
adulthood, they are often the most impactful social relationship on health outcomes
(Robles et al., 2014). Relationship quality is the global evaluation of the relationship
across domains such as positive aspects (e.g. satisfaction) and negative aspects (e.g.
conflict; Bradbury et al., 2000; Fincham & Bradbury, 1987). Importantly, relationship
quality determines if the marriage or partnership has a beneficial or deleterious effect on
health. For example, a review of 64 studies of married individuals found that marital
functioning impacts health. Negative dimensions (such as interpersonal conflict)
impacted health indirectly through depression and poor health habits, as well as directly
by altering biological pathways such as cardiovascular, endocrine, immune, and
neurosensory systems (Kiecolt-Glaser & Newton, 2001). In the same vein, a metaanalysis of over 72,000 partnered individuals found that greater marital quality was
associated with higher self-rated health, lower mortality, healthier cardiovascular
functioning, and structural markers indicating less cardiovascular disease (Robles et al.,
2014). Taken together, it is widely-documented that close relationships, especially those
with romantic partners, are important for health. Whereas the satisfaction of the need to
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belong is the most fundamental reason why high-quality social bonds are salubrious, the
particular mechanisms by which close relationships exert their health-promoting effects
are not well-understood (Feeney & Collins, 2015).
Mechanisms Linking Social Relationships and Health
For the past several decades, researchers have been calling attention to the paucity
of research aimed at understanding the underlying mechanisms which would explain the
links between social relationships and health as well as provide interventionists with
evidence about the key components to try to promote in order to foster health (e.g.
Berkman et al., 2000; Cohen, 2004; Kawachi & Berkman, 2001; Thoits, 1995; Uchino,
Cacioppo & Kiecolt-Glaser, 1996). Feeney and Collins (2015) offered a few reasons for
this gap in the literature, including that much of the extant empirical work has examined
characteristics of one’s social environment (e.g. social integration, marital status, marital
quality), rather than the specific relationship processes that underlie the links between
social relationships and health (Feeney & Collins, 2015; Uchino, Bowen, Carlisle, &
Birmingham, 2012) Additionally, the overwhelming focus on the relationship process of
social support in the context of stress or adversity, while mostly neglecting other critical
relationship pathways, has also contributed to the gap in the literature (Berkman et al.,
2000; Feeney & Collins, 2015). Berkman and colleagues (2000) argued that although
social support is among the pathways by which social networks influence health, it is not
the only pathway. As such, researchers should broaden their focus to include other
pathways for a richer understanding of the complex ways that social relationships impact
health.
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Overarching Theoretical Framework. Recently, Pietromonaco and Collins
(2017) organized the body of research into a helpful guiding framework that identifies the
key relationship processes (also called interpersonal processes) that affect health-relevant
intrapersonal pathways to ultimately impact longer-term psychological well-being and
physical health (see Figure 1). Relationship processes facilitate a number of intrapersonal
processes which, in turn, affect health outcomes. Potential intrapersonal mechanisms
include psychological (e.g. emotion, cognition), biological (e.g. cardiovascular, cortisol,
immune responses), and lifestyle (e.g. diet and exercise) pathways. In the framework
from Pietromonaco and Collins (2017), any of the relationship processes can affect health
through any of the intrapersonal mechanisms. For example, capitalization and the
subsequent supportive response to the sharing of one’s happy news, has been found to
boost positive affect (which is a psychosocial intrapersonal pathway) and ultimately
foster well-being (which is a mental health outcome; Gable & Reis, 2010; Langston,
1994). This framework is rooted in attachment theory, which states that patterns of
experiences in early childhood with one’s caregiver shape relatively stable mental
representations or working models of close relationships with others that carry forward
into adulthood (Ainsworth, 1979; Bowlby, 1969). For example, secure base support
refers to seeing one’s primary attachment figure, which could be a parent or a spouse, as
a reliable and safe anchor that encourages a person to strive to search the surroundings, in
the case of infants, or to seek new opportunities for growth, in the case of adults. See
Figure 1 for a graphic depiction of the organizational framework.
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The current study investigates the salubrious effects of the intimacy process, a
relationship process that is categorized under social connection type of relationship
processes in Figure 1, through the intermediary psychological pathway of emotion to
impact the health outcomes of sleep and pain. Before reviewing the intimacy process and
the health-promoting intrapersonal effects it sets into motion, I will review theory and
research regarding intimacy as a central process driving close relationships’ analgesic and
sleep-promoting effects.
Intimacy
Intimacy is considered to be both a feeling and a process that fosters closeness
(Laurenceau et al., 1998; Reis & Shaver, 1988). Early intimacy research described it in
terms of its link to the self. For example, Erickson (1950, 1968) described intimacy as a
merging of two initially independent identities through interactions in which participants
the reveal deeply personal parts of the self and the validation of those revelations, which
also validates self-worth (Partridge, 1966; Sullivan, 1953). Intimacy has also been
conceptualized as feelings closeness between two people (Hendrick & Hendrick, 1983;
Sternberg, 1986). Another important characterization of intimacy is that of
interdependence, in which one person’s actions influence the other’s outcomes (Kelley &
Thibaut, 1978).
Later work sought to investigate how intimacy develops. The major contribution
in this body of work was from Reis and Shaver (1988), who developed the intimacy
process. The intimacy process entails patterns of interactions in which Person A makes
self-disclosures, Person B responds, and Person A evaluates that response to the degree
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that it engendered feelings of being supported (i.e. perceived partner responsiveness; Reis
& Patrick, 1996; Reis & Shaver, 1988). Self-disclosure has been defined as verbally
communicating information, thoughts, or feelings relevant to oneself to another person
(Derlega, Metts, Petronio, & Margulis, 1993). Making self-disclosures increases the
listener’s liking of the person who disclosed and, likewise, liking a person increases the
probability of disclosing in return. Thereby a relationship is formed and reinforced by
mutual liking, disclosing, and validating disclosures (Reis & Shaver, 1988). According to
the social penetration theory (SPT), relationships develop through initial self-disclosures
of a relatively superficial, low-risk nature (e.g. sharing favorite movies and food
preferences), later evolving to deeper and more vulnerable in nature (e.g. life goals and
religious beliefs), ultimately revealing the true self (Altman & Taylor, 1973). The
analogy of peeling layers of an onion is helpful in understanding SPT. Like an onion, the
self is multi-layered and intimacy is achieved by “peeling” through the layers of the
onion to reach the core of the self. Reciprocity in sharing increasingly more intimate
information, followed by other person’s supportive response increases the likelihood of
forming a close relationship and the fostering of intimacy (Altman & Taylor, 1973).
Interactions of self-disclosures and responsiveness, over time and proceeding in a
reciprocal way, characterize the intimacy process (Clark & Reis, 1988).
Responsiveness, known as the “active ingredient” of the intimacy process, is
considered to be a central aspect of satisfying relationships (Lemay, Clark, & Feeney,
2007). Responsiveness is also an organizing principle that underlies various theories (e.g.
Attachment Theory) and relationship processes in social relationship research (Reis,
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Clark & Holmes, 2004). Responsiveness consists of three key components as briefly
mentioned above. The first is understanding, which is characterized by comprehending
the partner’s values and self. The second is validation, which is characterized by valuing
the partner’s perspectives of the self. The third and final component is caring, which is
characterized by warmth and concern for the partner (Reis & Shaver, 1988). The global
view of one’s partner as responsive is formed through accumulated specific interactions,
where self-disclosures are met with a positive reaction from one’s partner (Laurenceau et
al., 1998). This global view of one’s partner can also change based on responses to
specific disclosures that were inconsistent with the former global view of one’s partner
(Maisel & Gable, 2009). Self-disclosures allow the responding partner to affirm their
supportiveness for the disclosing partner. Further, responsiveness grants the discloser
with insight into the state of their relationship with the responder, as well as validation
and reaffirmation. Each interaction can validate the person’s goals, values, and at the
most fundamental level, the self (Reis & Shaver, 1988). Finally, the intimacy process is
driven by the fundamental need to belong (Reis & Shaver, 1988).
Intimacy and Health. Pietromonaco and Collins (2017) identified the intimacy
process as one of the relationship processes that facilitates intrapersonal processes to
ultimately impact health. Although the intimacy process has been relatively understudied
as a predictor of physical health, longitudinal studies have discovered promising results.
In a large sample of married or cohabiting individuals (N=1,078), greater perceived
partner responsiveness predicted higher cortisol values at awakening and steeper (i.e.
healthier) diurnal cortisol slopes 10 years later (Slatcher et al., 2015). Interestingly,
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researchers have discovered that perceived partner responsiveness accounts for the
apparent paradox that receiving social support from close others can actually result in
worse physical health (Maisel & Gable, 2009). Specifically, a national longitudinal study
of 1,803 married or cohabiting individuals recruited from MIDUS found that receiving
social support predicts higher all-cause mortality over 10 years, but only for individuals
who did not perceive their partners to be responsive (Selcuk & Ong, 2013). It should be
noted that the findings remained in both studies even while controlling for a wide range
of covariates including demographic factors, personality traits, and physical health status
(Selcuk & Ong, 2013; Slatcher et al., 2015). In a daily diary study of married couples,
daily self-disclosure predicted sleep quality and sleep efficiency for wives, as well as
reductions in waking during the night for husbands (Kane, Slatcher, Reynolds, Repetti &
Robles, 2014). Another study found that responsive interactions with partners promoted
the release of endogenous opioids, which in turn reduce pain (Machin & Dunbar, 2011).
Together these studies provide evidence to support the hypotheses that the intimacy
process influences both sleep and pain. I will discuss the effect of intimacy on these
health outcomes in detail in the following sections.
There are many intrapersonal pathways that can mediate the relationship between
intimacy and health. For example, intimacy plays a large role in galvanizing individual
growth (such as the pursuit of personal goals), which also promotes health (Reis &
Shaver, 1988). In this pathway, intimacy is theorized to work by fostering nondefensiveness and openness to feedback about personal shortcomings, which can
motivate goal-oriented behavior (Caprariello & Reis, 2011; Kumashiro & Sedikides,

RESPONSIVENESS, SLEEP AND PAIN IN VETERANS AND SPOUSES

20

2005). The intrapersonal processes regarding emotion are especially relevant as a
pathway by which intimacy affects health for the present work. As Reis (2014) stated,
close relationships are characterized by affective interdependence, which is the extent to
which emotions and emotion-regulation are influenced by partners (Kelley & Thibaut,
1978; Rusbult & Van Lange, 2008). Emotion-regulation is the hypothesized intrapersonal
pathway that acts as the mediating mechanism between the intimacy process and lessened
pain and improved sleep quality. This is supported in the literature, as intimate partners
influence each other’s emotions (e.g., Reis & Shaver, 1988).
Distinction from a Related Construct. Importantly, the intimacy process is
related to but distinct from social support. Cohen and Wills (1985) proposed two
theoretical models to explain how relationships influence health: the stress-buffering
model and the main effects model. The stress-buffering model asserts that social
relationships provide informational, emotional, and tangible resources that foster adaptive
responses to acute or chronic stressors (Cohen & Wills, 1985). The main effects model
proposed that social relationships impact health directly rather than through the buffering
of stress (Cohen & Wills 1985). This model has received considerably less attention in
empirical studies than the stress-buffering model. While the stress-buffering model
considers the benefits of social support in the context of stress or adversity, the main
effects model is not limited to such contexts. Instead, the main effects model asserts that
social relationships have been linked to well-being outside of stressful contexts (Lakey &
Orehek, 2011).
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The intimacy process functions through the main effects model because it is not
bound to contexts of real or imagined adversity. Rather, it occurs whenever two people
share emotional and meaningful information and validate each other. For example, in
their laboratory-based observational study of 79 dating couples, Maisel and colleagues
(2008) found that responsive behaviors can be observed when the partners discussed a
positive event as well as a negative event. Further, some of the many purposes of the
intimacy process are to become closer, to understand, and to be understood. The main
purpose of social support is to assist another person in coping with real or imagined
threats. Although intimacy can grow during a social support process (especially if it
involves disclosures and responsiveness), it is distinct from social support. Both involve
sharing something emotionally significant, either a negative event in the context of social
support or an emotional disclosure about something personally relevant in the context of
the intimacy process (Gable & Reis, 2010). Social support and the intimacy process also
differ because the former, ideally, results in ameliorated negative outcomes and the latter
fosters positive psychological and interpersonal outcomes (Gable & Reis, 2010).
Significance of the Dyadic Perspective
As summarized above, leading researchers investigating close relationships and
health have galvanized the field to focus on relationship processes by which health
benefits are fostered (Pietromonaco & Collins, 2017). Relatively recently,
methodological advances have allowed for the modeling of the mutual influence between
two members of a dyad. Specifically, the Actor-Partner Interdependence Model (APIM)
which was developed by Cook and Kenny (2005) is a standard for modeling these

RESPONSIVENESS, SLEEP AND PAIN IN VETERANS AND SPOUSES

22

interactions and has been widely-utilized in the field. The APIM statistically accounts
Person A’s influence on Person A’s own outcome (an actor effect) as well as Person B’s
influence on Person A’s outcome (a partner effect). In distinguishable dyads such as a
husband and wife (versus a set of twins or a pair of friends), there are two sets of actor
effects and two sets of partner effects. For example, the wife’s actor effect is the
influence that the wife’s independent variable (IV) has on the wife’s dependent variable
(DV) and the wife’s partner effect is the influence of the husband’s IV on the wife’s DV.
The partner effects capture the interdependence of the model. Additionally, the
correlations between the wife’s and husband’s IVs as well as the error terms of the wife’s
and husband’s DVs are calculated in this model.
The current research also utilizes the Actor-Partner Interdependence Mediated
Model (APIMeM; Ledermann & Bodenmann, 2006) to model the indirect effect of the
intimacy process through the psychological processes on the resulting health outcomes of
sleep and pain. The APIMeM is an extension of the standard APIM. The APIMeM adds
an additional variable pair to serve as a mediator between the predictors and the outcomes
(Ledermann & Bodenmann, 2006). The APIMeM has three pairs of variables - X, Y, and
M - for the two members of the dyad (Ledermann, Macho & Kenny, 2011; see Figure 4
for the conceptual model depicting the APIMeM hypotheses test about sleep). Each
member of the military-connected couple have their own predictor, perceived partner
responsiveness (PPR). Each member of the couple also has their own mediator, the
downregulation of vigilance, which is the psychological pathway through which it is
hypothesized that intimacy impacts sleep. Finally, both members have their own sleep
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outcome. The upper three variables in Figure 4 are the veterans’ predictor, mediator and
outcome. The lower three variables in Figure 4 are the spouses’ corresponding variables.
Additionally, the thick horizontal lines represent the actor effect, or how each
individual’s PPR predicts their own sleep outcome. The dashed diagonal lines depict the
partner effects, or how the veteran’s PPR predicts the spouse’s sleep (and vice versa).
The shorter lines represent both actor and partner effects involving the mediator. For
example, the dotted line leading from the veteran’s downregulation of vigilance to the
spouse’s sleep represents how the veteran’s mediator impacts the spouse’s sleep (a
partner effect). The other dotted line represents how the veteran’s downregulation of
vigilance influences his own sleep (an actor effect).
In conclusion, this section summarized the literature establishing connections
between close relationships and health, as well as called attention to the gap in the
literature regarding the mechanisms by which close relationships impact health.
Supporting theoretical and empirical evidence for the hypotheses regarding the intimacy
process as health-promoting were explored. The significance of the dyadic approach in
researching how relationship processes influence health was emphasized. The next
section will transition away from the general close relationship and health literature to
thoroughly review current knowledge about military-connected couples and risk factors
for sleep and pain as well as their relationship functioning.
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Military-Connected Couples
Approach to the Study of Health in the Military-Connected Couple
Existing research on veteran health outcomes, such as sleep and pain, has
typically focused exclusively on current or former service members (e.g. active duty
service members, reservists and/or separated service). However, recent work has
increasingly begun to explore the experiences of civilian spouses and of the militaryconnected couple as a unit. This expansion of research focus from the unit of individual
to the unit of the romantic couple in the military health literature mirrors the
individualistic-to-dyadic shift in the health literature of the general population that was
described in detail in the last section. Further, the dyadic approach to studying health is
extremely relevant in the current wave of service members for at least two reasons. First,
over half the total military force is married (DOD, 2016). Second, the health problems of
service members and veterans profoundly impact the health of the spouse in several
ways, according to a review from Lewis and colleagues (2012) and a more recent article
from Trump and colleagues (2015).
Specifically, both members of the military-connected couple experience the health
problems of one member in several ways. Health problems may worsen relationship
functioning and put an added strain on the marriage (Lewis et al., 2012). Further, veteran
health problems contribute to worsened health outcomes for the spouse (Lewis et al.,
2012). Researchers have found that spouses’ health issues often reflect the experiences,
symptoms, or diagnoses of their partner (Menchaca & Dehle, 2005). For example, in a
sample of 75 matched military-connected couples recruited through a military medical
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center (with the current or former service members consisting of mostly active duty or
retired Air force), Trump and colleagues (2015) found that the military-spouses’ pain
predicted both military-spouses’ and civilian-spouse’ positive marital quality. Further,
they found that both sets of spouses’ depressive symptoms predicted only civilianspouses’ negative marital quality. Taken together, these studies suggest that the
influences of current or former service member health are best captured by studying
matched military-connected couples. For these reasons, leading researchers have
encouraged interventionists and military healthcare providers to recognize the
interdependence between members of military-connected couples in regard to physical
health, psychological health and relationship functioning by adopting integrated care,
couple-centered interventions, or family-centered care approaches (e.g. Lewis et al.,
2012; Lewis et al., 2013; MacDermid Wadsworth et al., 2013).
Note that military-connected couples are defined as consisting of at least one
partner who is currently serving or has previously served in the U.S. military. The other
partner in a military-connected couple can either be civilian (i.e. military-civilian
couples) or may have also served or currently serve in the military (i.e. dual-military
couples). In this thesis, the spouses of current or previous service members will be termed
“spouses” despite their own military history, for clarity.
Health Issues After OEF/OIF/OND Deployments. Over 2.6 million United
States service members have deployed to Afghanistan and Iraq to participate in OEF,
OIF, and OND (National Research Council, 2012). According to a 2017 Congressional
Research Service Report, since the beginning of the post-9/11 U.S. military conflicts
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from October 2001 to April 2017, there have been a combined 5,362 hostile deaths
(including those who were killed in action, died of wounds, or died of terrorist activities)
of service members from all four branches of the military in OEF/OIF/OND (DeBruyne,
2017). Further, this same group has reported a combined 1,468 non-hostile deaths
(including deaths due to accident, illness, injury, homicide, self-inflicted, unknown
causes; DeBruyne, 2017). In the same timeframe, there have been 52,341 service
members who have been wounded in action in these military engagements (DeBruyne,
2017). Veterans returning from deployment in Afghanistan and Iraq have an elevated risk
for physical health problems (e.g. amputations, combat injuries, pain, traumatic brain
injury, musculoskeletal issues, sleep disorders), mental health disorders (e.g. anxiety
disorders, depression, post-traumatic stress disorder), and suicide (Fischer, 2015; Haskell
et al., 2006; Hoge, Auchterlonie, & Milliken, 2006; Hyman et al., 2012; Lazar, 2014;
Pickett et al., 2015; Reger et al., 2015; Schoenbaum et al., 2014; Tan et al., 2009).
Enhanced survival rates, because of quickly-delivered and sophisticated medical care,
means that even the most grievously-injured service members often return to their
families. Additionally, the enduring physical and psychological health problems with
which veterans return home are often managed by and indirectly experienced by the
loved ones of the service members (Baptist et al. 2011; Clark, Bair, Buckenmaier,
Gironda & Walker, 2007; Hosek, Kavanagh, & Miller, 2006).
Risk Factors of Military Life. The demands placed on the service members have
been more pronounced in the recent military engagements of OEF and OIF than at any
time since the Vietnam War (Hosek et al., 2006). Specifically, deployments have been
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longer, more frequent, with shorter intervals of time between deployments (Defense
Manpower Data Center, 2004; Nock et al., 2013). This is especially true for the Army
and the Marines (Defense Manpower Data Center, 2004; Nock et al., 2013). Further, the
warfare itself can be characterized as extremely unpredictable and treacherous. With
terrorist and guerrilla warfare tactics such as the use of suicide bombers and IEDs
becoming increasingly common, combat experiences and injuries sustained during these
experiences can contribute to pain (Baptist et al., 2011). Of particular interest to this
study, sleep problems in the military are not isolated to those with deployment history.
This suggests that other aspects of military life may be contribute to these issues (Hughes
et al., 2018; Troxel et al., 2015). For example, during basic training, service members are
subjected to extreme ongoing psychological and physical demands, as well as irregular
schedules (Peterson et al., 2008). During deployment, service members endure crossing
multiple time zones, overnight watch demands, stressful sleep environments
(overcrowded, noisy, dangerous) that demand vigilance, and missions that continue
overnight. These factors force service members to either not sleep or to sleep in shifts in
the field (Peterson et al., 2008; Troxel et al., 2015). Other aspects of military life that are
not confined to deployment or basic training that could contribute to sleep problems
include too many days spent in physical training, feeling overwhelmed by work,
unpredictability of duty hours, and experiencing work-family conflict (Holliday, Haas,
Shih & Troxel, 2016; Troxel et al., 2015). Shifting to the major stressor of deployment,
this thesis will review deployment’s impact on military-connected couples by
summarizing findings from systematic reviews exploring the perspective of spouses, as
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well as one large longitudinal study incorporating data from matched service members
and spouses.
Impact of Deployment on Couples. Deployment contributes many challenges
that military-connected couples contend with as a unit, such as the stress of separation. It
also challenges each member of the couple with unique sets of stressors, such as
uncertainty over the service member’s safety for the spouse and dangerous working
environments for the service member (e.g. APA Presidential Task Force on Military
Deployment Services for Youth, Families, and Service Members, 2007; Burrell, Adams,
Durand, & Castro, 2006; Faber et al. 2008; Lincoln, Swift, & Shorteno-Fraser, 2008;
Segal, 1989). De Burgh, White, Fear, and Iversen (2011) conducted a systematic review
to assess the literature about the health and well-being of female spouses of male military
personnel (mostly from the Army or Marines) who have deployed to post-9/11 conflicts
in Iraq. They concluded that the challenges associated with deployment that militaryconnected spouses face pose an increased risk of mental health problems. Of the many of
the challenges associated with deployments for spouses, the unpredictability of
deployments, such as involuntary extensions, stand out as especially problematic, in
terms of contributing to psychological problems for spouses (De Burgh et al., 2011).
There are not many longitudinal studies following both members of militaryconnected couples through the deployment cycle (pre-deployment, during deployment,
and post-deployment). Such studies provide a rare glimpse into the lives of militaryconnected couples to see the effects of deployment, how their relationship functioning
fluctuates and how their physical and psychological health changes over time. One such
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study is the RAND Deployment Life Study (DLS). This was a longitudinal study of 2,700
married military families from all branches and components (active, reserve, and guard)
of the military, aimed at understanding what happens to families when a family member
deployed (Meadows, Tanielian & Karney, 2016). The study was conducted between 2011
and 2015 and up to three family members (the service member, spouse and up to one
child aged 11-18) were surveyed every four months for three years. Overall, they found
that military families are resilient. Despite all the challenges that deployment entails for
all members of the family, they generally return to pre-deployment levels of
psychological and relationship functioning, as assessed by a wide range of measurements
over the course of the study. In fact, their results suggested that by the end of each
family’s participation in the study (about 3 years) there was little difference between
families who experienced a deployment and those who did not. The main differences
regarded the military-connected children, such that teens reported less family cohesion
and lower relationship quality with their deployed parent. This research team also
assessed behaviors during deployment that predicted better outcomes for the family. They
found that when spouses reported frequent and satisfying communication during
deployment, their marital satisfaction when the service member returned was higher
(Meadows et al. 2016). This further demonstrates the importance of intimacy for
relationship functioning as well as for downstream benefits of health.
The impact of deployment on military relationships is nuanced (Karney & Crown,
2011; Karney & Trail, 2017). Deployment is associated with lowered marital satisfaction
compared with no deployment, but this association is not strengthened by multiple
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deployments or longer duration of deployments (Karney & Trail, 2017; Meadows et al.,
2016). Also, as noted above, military-connected couples and families exhibit resilience,
in that they can return to pre-deployment levels of functioning after a few years postdeployment (Meadows et al., 2016). While deployment introduces a variety of stressors
to the military-connected couples, there is no evidence to suggest that deployments cause
divorce. Some researchers have suggested that any previously-documented relationship
between deployments and subsequent divorce may instead be due to self-selection or predeployment factors (Bell & Schumm, 2000). Further, Karney and Trail (2017) assert that
any previous associations that have been found between deployment and divorce have
largely been explained by PTSD. Specifically, the challenge of PTSD symptoms
stemming from the combat experiences, which makes communication difficult and
strains relationships, rather than by the deployment itself have been documented to
explain findings seemingly linking deployment to divorce (Hoge et al., 2006; Karney &
Trail, 2017). In their review of military records and post-deployment self-reports from
active duty Army service members between 2003 and 2010, Negrusa, Negrusa and Hosek
(2014) found that those who had deployed were more likely to divorce than were those
who had never deployed if self-reported PTSD symptoms were present.
The link between PTSD and worsened relationship functioning has been welldocumented for civilian and military samples alike (Erbes, 2011; Galovski & Lyons,
2004; Lambert, Engh, Hasbun, & Holzer, 2012). For example, in a study of married or
partnered National Guard soldiers recently returned from combat duty in Iraq, the
symptoms of PTSD (i.e. re-experiencing, avoidance, dysphoria, and hyperarousal)
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strongly predicted poorer relationship adjustment (Erbes et al., 2011). A reason for this is
that symptoms of PTSD, such as avoidance and withdrawal, contribute to difficulties
trusting and sharing, which are crucial to communication and the intimacy process
(Baptist et al., 2011; Buchanan et al., 2011; Gerlock, Grimesey & Sayre, 2014; Solomon
et al., 2008). Importantly, interventions for PTSD have shown the promising benefit of
improving reciprocal disclosures and general responsiveness processes in militaryconnected couples for PTSD recovery and other positive mental health outcomes (e.g.
Bowen, Shelley, Helmes, & Landman, 2010).
In addition to PTSD symptomatology, military-connected couples have other
barriers to the intimacy process and relationship functioning stemming from deployment.
A sizable body of literature has demonstrated the negative impact on relational wellbeing of traumatic brain injury (TBI), a pervasive public health problem faced by many
military service members (Terrio et al., 2009). Individuals who have experienced TBI
and their spouses report lower levels of relationship quality and stability (Claude Blais &
Boisvert, 2005; Wood & Yurdakul, 1997). Even mild cases of TBI may increase the
likelihood of relationship dissolution (Vanderploeg et al., 2003). Furthermore, spouses of
individuals with TBI may face additional challenges in the form of mental and physical
health issues, social isolation, and financial strain (Moriarty et al., 2016).
Intimacy Process in Military-Connected Couples
Military-connected couples contend with unique challenges that most civilian
couples are unlikely to experience as outlined above (Erbes, 2011; Karney & Trail,
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2017). These unique challenges that current and former service members have
experienced take an enormous toll on relationship functioning and marital satisfaction
(Bowen & Orthner, 1989; Goff et al. 2007; Hourani et al., 2006; Lewis et al., 2012;
Mansfield et al., 2010; Orthner & Rose 2009; Taft et al. 2011). Particularly, deployment
and reintegration pose challenges to maintaining marital intimacy in part because they
contribute to difficulties with communication (Baptist et al. 2011). Healthy intimate
relationships facilitate service members’ recovery from physical and psychological
trauma as well as reintegration after deployment. Conversely, a lack of a healthy intimate
relationships hinders recovery and may contribute to ongoing mental health problems
(Satcher, Tepper, Thrasher, & Rachel, 2012).
The intimacy process has been suggested as a relevant predictor of health in
military-connected couples. A study of military-connected couples found that not sharing
war-related experiences hindered a civilian wife’s ability to provide social support to her
husband and was detrimental to intimacy (Baptist et al., 2011). Relatedly, BalderramaDurbin and colleagues (2013) found that sharing of distressing deployment experiences
was beneficial in intimate relationships when validating and supportive responses were
provided. Fortunately, there is evidence that the intimacy process can be optimized to
enhance its health-promoting effects. For example, one study of an intervention aimed at
improving reintegration of service members from National Guard and Reserves who
deployed to OEF/OIF arenas and their spouses found that enhancing the likelihood of the
disclosure of positive emotions predicted decreased symptomology of PTSD, even when
controlling for prior PTSD symptoms (Hoyt & Renshaw, 2014). Taken together, these
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studies show support for the theory that the intimacy process is essential to improving
health outcomes. The following section evaluates the state of sleep research in general
and information about military-connected couples and sleep specifically to ground the
present hypotheses and research questions about the intimacy process and sleep.
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Sleep
Sleep is both a core biological need and a behavioral process that has profound
impacts on physiological and psychological health. Sleep serves a variety of restorative
functions, such as tissue repair and emotion regulation (Dement & Vaughan, 1999).
Sleep has been found to ameliorate the impact of stress on the body (Akerstedt,
Kecklund, & Axelsson, 2007). Given how important sleep is for health, it is troubling that
around a third of American adults obtain less sleep than the recommended minimum of
seven hours per night (National Sleep Foundation, 2012). The impact of sleep on physical
and psychological health can hardly be overstated as it has been repeatedly linked to
morbidity and mortality (Luyster, Strollo, Zee, & Walsh, 2012; for recent reviews, see
Barnes & Drake, 2015; Buysse, 2014; Troxel, 2010). The connection between reduced
sleep quality and poor psychological health is widely documented. For example, sleep
disturbances have been found to be highly predictive of suicidal ideation and suicide
attempts in a meta-analysis of the general population (Pigeon et al., 2012). Sleep
disturbances can include problems like short duration, difficulty falling asleep, difficulty
staying asleep, fragmentation (interrupted sleep), and poor sleep quality (Gordon,
Mendes & Prather, 2017).
Sleep and Close Relationships
Sleep research has largely isolated sleep from the social context in which it
unfolds. Relatedly, social psychological research has not given much attention to sleep
(Gordon et al., 2017). In recent years, researchers have been making great strides to
address this by developing new integrative theoretical approaches (e.g. Troxel et al.,
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2007; Troxel, 2010) and finding impressive empirical results. Sleep is one important
pathway through which relationships exert their impact on physiological health (McHale,
King, & Buxton, 2017). Although different kinds of social relationships and interactions
can impact sleep, of particular relevance to this study is how romantic partners impact
sleep.
Troxel (2010) introduced a conceptual framework about the bidirectional links
between close relationships and sleep, which impact psychological and physical health.
Positive dimensions of relationship functioning, such as support and intimacy, improve
sleep. Meanwhile, negative dimensions, such as conflict and avoidance/withdrawal
patterns of behavior, worsen sleep, which in turn impacts health. In this model, poor sleep
also interferes with relationship functioning and contributes to interpersonal conflict,
whereas high-quality sleep positively impacts relationship functioning. Attachment
theory, the framework in which Troxel’s model is rooted, states that patterns of
interactions with caregivers early in life result in expectations about how supportive or
responsive one’s primary attachment figure (i.e. one’s partner or spouse in adulthood)
will be (Bowlby, 1973). These expectations are especially important for regulating
emotional arousal and relieving distress (Hazan & Shaver, 1994). Given that attachment
styles are relatively stable, they are more likely to influence sleep processes than to be
altered by sleep processes. In contrast, relationship functioning can change over time and
can both be influenced by and influence sleep. For example, interpersonal conflict with
one’s partner has been shown to worsen sleep quality (Hicks & Diamond, 2011). In
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addition, the previous night’s poor sleep quality increases the occurrence of interpersonal
conflict (Gordon & Chen, 2014).
Gordon and Chen (2014) explained one potential mechanism underlying the
connection between worsened sleep and poorer relationship functioning. Specifically,
poor sleep is predictive of less empathic accuracy (i.e. correctly evaluating others’
emotions), decreased positive affect, increased negative affect, and poorer conflict
resolution during a task. These outcomes would all contribute to worsened interactions
with one’s partner. Interpersonal distress is predictive of increased cognitive arousal (e.g.
rumination) at bedtime which worsens sleep (Gunn et al., 2014). In a large study (N=
4,981) of older adults over a period of 8 years found that marital quality and sleep quality
covaried, such that as marital quality increased, sleep quality also increased (Lee, Chopik,
& Schiamberg, 2017). Taken together, these results exemplify the interdependence of
sleep and relationship functioning which was summarized in Troxel’s framework (2010).
According to Troxel (2010), people tend to derive physical and emotional safety
from close others (especially close others one is sleeping near or speaking to near
bedtime, such as a spouse). That safety fosters a relative lowering of awareness and
vigilance, which is necessary for the behavioral process of sleep (Dahl, 1996). Vigilance
and alertness are inherently incompatible with sleep. Meanwhile feelings of safety and
security, which are fostered by attachment figures, are needed for high-quality sleep
(Dahl & El-Sheikh, 2007). Relatedly, in a study of healthy civilian participants without
sleep complaints, it was revealed that stress does not impair sleep unless there is some
degree of mental absorption with the stress around bedtime. This mental absorption might
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include rumination, worrying, or other forms of negative cognitive arousal (Akerstedt et
al., 2007). Specifically, bedtime rumination was correlated with lower sleep quality,
lower sleep efficiency, and higher sleep fragmentation (Akerstedt et al., 2007). Studies in
civilian samples have shown that temporary physical separations can contribute to sleep
problems for spouses. Individuals with a proclivity to ruminate and worry, as well as
anxiously-attached individuals experienced negative sleep outcomes when separated from
partner (Diamond, Hicks, & Otter-Henderson, 2008; Harvey, 2000). Taken together,
these findings demonstrate that a supportive attachment figure, such as a spouse, can
serve as a signal of safety and security to allow the person to “let go” of their worries and
get a full-night’s rest. As Troxel (2010) asserted, “the ritual of going to bed with a trusted
other may also serve as a powerful cue, allowing one to recover from the stresses of the
day and reduce psychological and physiological arousal before falling asleep” (p. 581).
Troxel’s theoretical framework is consistent with the overarching theoretical framework
from Pietromonaco and Collins (2017) that relationship processes impact health
outcomes such as sleep through intrapersonal pathways such as the reduction of
psychological arousal.
On the biological level, the influence of relationship processes on sleep through
the downregulation of vigilance unfolds as follows. Social experiences activate the
autonomic nervous system, which consists of the sympathetic (SNS) and parasympathetic
nervous systems (PNS). It is the activation of the PNS or, alternatively, the SNS that
impacts the ability to fall and stay asleep (Mendes, 2016). PNS activation is critical for
facilitating sleep onset and allowing for sleep without interruptions, such as micro-
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awakenings. Social interactions that promote activation of the PNS would hasten sleep
onset. For example, supportive ‘pillow talk’ with one’s wife would boost one’s mood,
and thus allow the husband to fall asleep faster. Conversely, SNS activation, which is
also associated with the “flight or fight response” would occur during social interactions
such as interpersonal conflict. The resulting SNS activation would result in slower sleep
onset, as well as worse sleep quality. SNS activation is damaging to sleep, especially
around bedtime. As such, bedtime disagreements with a spouse would result in worsened
sleep quality and longer sleep onset latency (Gordon et al., 2017). This is helpful to
understand when considering the downstream effects of relationship processes, which
should set off a chain of events: activation of the PNS, which decreases vigilance and
hyperarousal, to ultimately foster restorative sleep.
Researchers have only recently begun to investigate specific behaviors and
processes that explain the impact of close relationships on sleep (e.g. Arpin, Starkey,
Mohr, Greenhalgh, & Hammer, 2018; Gordon & Chen, 2014; Hicks & Diamond, 2011;
Kane et al., 2014; Selcuk, et al., 2017). Of particular relevance to this study is Kane and
colleagues’ (2014) study. This research tested the impact of self-disclosures made to
spouses on sleep in a 56-day daily diary study of 46 wives and 38 husbands. They found
that more self-disclosures predicted less waking during the sleep period for husbands.
Further they found that higher than average levels of self-disclosures predicted better
sleep quality, sleep efficiency, less interrupted sleep periods, and longer sleep duration
for wives. Self-disclosures are thought to promote better sleep through decreased
rumination (Greene, Derlega, & Mathews, 2006; Pennebaker & Chung, 2011).
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A closely related and critical behavior that likely plays a role in the benefits of
self-disclosures are the perception of responses to those self-disclosures (i.e. perceived
partner responsiveness or PPR; Laurenceau et al., 2005; Greene et al., 2006). A recent
study of 698 married/cohabiting adults (mean age 57 years, range 35–86 years) found that
PPR predicted lower self-reported sleep problems through lower anxiety and depression
and actigraph-assessed sleep efficiency through lower anxiety (Selcuk et al., 2017; see
Figure 2 depicting the indirect effect of PPR on sleep). This effect is supported by other
work demonstrating that feeling supported by one’s partner (i.e. PPR) has been found to
down-regulate anxiety and arousal and to instill a sense of security and quiescence
(Selcuk al., 2010). This downregulation of arousal or vigilance is required for restorative
sleep. Likewise, scanning the environment for threat or ruminating on worries hinders
sleep (Selcuk et al., 2017).
A recent study from the author’s research team, conducted using the sample of
veterans and their spouses from the present investigation found that a particular kind of
responsiveness, termed capitalization support, was predictive of better sleep (i.e. sleep
difficulty, duration and quality) and that this relationship was mediated through
psychological mechanisms (Arpin et al., 2018). Capitalization support is related to but
distinct from perceived partner responsiveness (PPR). Capitalization support is perceived
in the particular context of sharing good news (i.e. capitalization attempt) whereas the
present work is investigating global perceptions of partner responsiveness. This study is
the first of its kind to examine aggregate and daily associations among the relationship
process of capitalization support, psychological mechanisms and sleep outcomes.
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Together, the studies about self-disclosure (Kane et al., 2014) and perceived
partner responsiveness (Arpin et al., 2018; Selcuk et al., 2017) demonstrate the sleeppromoting benefits of the overarching intimacy process that they make up (Laurenceau et
al., 1998; Reis & Shaver, 1988). Specifically, the intimacy process represents a critical
pathway by which romantic partners exert their calming effect to ultimately promote
sleep. This lends support to the proposed intrapersonal mechanism of downregulation of
vigilance and arousal as the way that the intimacy process impacts sleep quality in
military-connected couples. As military-connected couples are identified as a high-risk
group for sleep problems, the next section will focus on research unique to this group.
Military-Connected Couples and Sleep Problems
Estimates indicate that about one-half to two-thirds of the service members
returning from post-9/11 engagements have reported insomnia symptoms (Amin, Parisi,
Gold, & Gold, 2010; Seelig et al., 2010). In a large sample (N=1,957) of service members
across all four branches of the military, Troxel and colleagues (2015) found that 63% of
surveyed service members slept less than the lower limit of recommended sleep (seven
hours per night) and further, 32% slept for five hours or less. Additionally, the same
study found a high prevalence of poor sleep quality, nightmares, daytime sleepiness, and
fatigue. To manage these problems, about 18% of the sample were using sleep
medications. Each of these sleep-related outcomes have profound consequences including
exacerbated mental health issues, poor daytime functioning, lessened operational
readiness, and relationship conflict with one’s romantic partner (Gordon & Chen, 2014;
Troxel et al., 2015).
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Unfortunately, the incidence of sleep problems in the military has been rising.
One study documented significant increases of medical visits for insomnia and
obstructive sleep apnea by 372% and 517%, respectively, between 2005 and 2014
(Caldwell, Knapik, & Lieberman 2017). Caldwell and colleagues (2017) offered the
following reasons for the increases in incidence rates over the last decade: increased
incidence of medical conditions such as TBI, PTSD, pain and depression that are
comorbid with sleep problems; the increasing normalization of sleep as crucial to health
in the larger society that may encourage service members to seek care and thus be
included in statistics about prevalence; and the military medical community’s increased
screening and treatment efforts. Regardless of the contributing factors, it is clear that
sleep difficulties and disorders are at increasingly high rates for service members and
veterans with and without deployment history.
In light of the dyadic nature of sleep as a process and the high prevalence of sleep
difficulties in service members and veterans as described above, researchers have begun
to explore the prevalence of sleep problems in military-connected spouses. Spouses of
service members are at greater risk of developing sleep problems such as short duration
sleep than their civilian counterparts (Holliday et al., 2016). This is theorized to be
connected to the stressors of military culture and deployment, as well as to the impact of
the sleep problems of service members and veterans (Holliday et al., 2016). Studies that
include both members of military-connected couples in investigations of relationship
functioning and sleep are scarce. One such study, which included 35 military veterans
and their spouses, evaluated marital functioning on sleep (Fillo et al., 2017). Authors
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coded for hostility and relationship-enhancing attributions from a videotaped conflict
interaction, revealing that both partners’ positive interactions and conflict interactions
were predictive of sleep quality such that hostility worsened sleep and alternatively,
relationship-enhancing attributions improved sleep (Fillo et al., 2017).
Military life presents various times at which the service member and spouse may
be separated (e.g. basic training, leadership training for officers, drill and deployment)
and that separation may contribute to sleep problems. Together with the high prevalence
of sleep disturbances in the military population, and the fact that romantic partner’s sleep
difficulties can increase one’s own sleep difficulty, these findings highlight the
importance of examining and addressing sleep issues in military-connected couples rather
than focusing solely on service members and veterans. The next section will transition to
exploring pain prevalence in the military, as well as the current state of the research of
pain.
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Pain
Prevalence
The increasing incidence of pain for OEF/OIF veterans is believed to associated
with the increased pace and length of deployment, which puts service members at
increased risk of exposure to explosions and other threats (Hosek et al., 2006). Such
challenges are coupled with enhanced survival rates due to improved medical care, even
to the most seriously injured. These factors have increased the risk of injuries and
survival of those injuries to ultimately increase occurrence of acute pain and chronic pain
(Baptist et al. 2011; Clark et al., 2007; Hosek et al., 2006). Pain can have devastating
impacts, including lost wages and productivity, disability, reduced quality of life,
increased marital strain, and increased occurrence and severity of other illnesses and
disorders (sleep problems, PTSD, etc.). Further, numerous studies have documented links
between chronic pain and poorer psychological health and have found that it is most often
associated with depressive disorders, anxiety disorders, and substance use disorders (for
reviews see Bair, Robinson, Katon & Kroenke, 2003; Gibson, 2012). On the extreme end,
severe chronic pain has been associated with increased likelihood of suicidal ideation and
attempts (Ilgen et al., 2010). This increasing prevalence of pain in the military and the
challenges associated with pain have galvanized the VA to make pain management a top
priority in order to improve veterans’ quality of life (Kerns, Philip, Lee, & Rosenberger,
2011).
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Approach to Studying Pain
Pain is a complex experience that incorporates sensory and emotional information
to create an unpleasant experience. It occurs in response to actual or potential tissue
damage (International Association for the Study of Pain, 1994). The emotional
experience in response to real or potential tissue damage (i.e. pain) is influenced by a
number of cognitive, emotional, and sensory inputs (Gifford, 1998; Carlino et al., 2014).
Importantly, pain also occurs in response to the anticipation of tissue damage, not just in
response to actual tissue damage (Butler & Moseley, 2003). The biological purpose of
pain is to alert the organism so that further damage is avoided and so that the organism
can begin self-healing while the acute problem such as a cut or an infection runs its
course. Pain is primarily a psychological experience, in which the brain projects the
experience onto the body through altering the nervous system (both CNS & PNS; Craig
& Hadjistavropoulos, 2004). Pain is a top-down process, in which the brain concludes
that the body’s tissues are in danger and produces the experience of pain to encourage the
individual to attend to the current or potential tissue damage. In more precise terms, pain
is a psychological output of the brain rather than an input to the brain from sensory input
(Melzack, 2001; Gatchel et al. 2007).
Much of the contemporary work about pain, including the present research,
investigates pain through the lens of the biopsychosocial model of pain [which is
consistent with the overarching theoretical framework that this study utilizes from
Pietromonaco and Collins (2017)]. The biopsychosocial model offers insight into the
factors that influence pain and is considered to be the most comprehensive theory of pain
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to date (Turk & Monarch, 2002). This model asserts that pain is a complex interaction of
biological, psychological, and social factors (Carlino et al., 2014; Gatchel, 2005; Turk &
Monarch, 2002). This framework rejects the dualistic viewpoint that holds that the mind
and body function separately. Instead, the biopsychosocial model highlights the ways that
the mind (i.e. psychological factors) and the body (i.e. biological factors) interact to
create and ameliorate the experience of pain. The biological factors mainly consist of
physiology such as nerves sensing real or potential damage. The psychological factors
include attitudes, emotion, cognition, and motivation. Pain signaling cues, termed
nociception, are immediately reacted to by emotions. Cognitions attach meaning to
emotional experience and can amplify emotional responses, and thus increase pain
(Gatchel et al., 2007). The social factors include the cultural, environmental, and
interpersonal contexts in which pain is experienced (Dogar, 2007). This study focuses on
the interplay of interpersonal relationships, emotion and pain.
Analgesic effects of close relationships. The essence of the analgesic effects of
social relationships is that they can promote emotion-regulation which in turn, strongly
impacts pain (Cervero, 2012). Part of this effect is due to the fact that the mere social
presence of trusted close others promotes the conservation of resources through the social
regulation of emotion (including worries; Beckes & Coan, 2011). This is consistent with
Pietromonaco and Collins’s (2017) argument that relationship processes facilitate the
mediating psychosocial pathway of emotion regulation to impact health outcomes.
Empirical studies have found support for the idea that social modulation of pain promotes
emotion regulation and reduces pain. For example, the mere presence of another person
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in the face of threatening stimuli downregulates negative affect (i.e. modulate emotional
responses) and reduces pain (Coan, Schaefer, & Davidson, 2006; Eisenberger, 2013;
Eisenberger et al., 2011; Younger, Aron, Parke, Chatterjee, & Mackey, 2010). Further, a
systematic review of twenty-six studies of healthy participants with experimentallyinduced pain found that positive verbal and non-verbal interactions reduce pain (Krahé et
al., 2013). Taken together, these studies demonstrate that pain is modulated by social
relationships through the facilitation of emotion-regulation.
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Description of Present Study
The purpose of this study is to investigate the relationship between the intimacy
process and health outcomes via psychological mechanisms in members of militaryconnected couples. Particularly, this study explores associations among perceived partner
responsiveness, positive affect, negative affect and sleep and pain outcomes, via the
standard and mediated forms of the Actor-Partner Interdependence Model (APIM and
APIMeM, respectively; Kenny, 1996; Kenny & Cook, 1999; Ledermann et al., 2011). A
preliminary step was to examine direct effects of perceived partner responsiveness as
evaluated at baseline of the Study for Employment Retention for Veterans (SERVe) and
the subsequent sleep quality and experiences of pain in military-connected couples
aggregated over a 32-day daily diary study (administered after the SERVe baseline
survey but prior to the supervisor intervention). Once direct effects were revealed,
subsequent steps were taken to assess indirect effects of PPR predicting sleep quality and
pain through the mediators of positive affect and negative affect which were aggregated
over the 32-day daily diary study. SERVe, which is discussed in greater detail in the
methods section, was cluster randomized control trial in which supervisory interventions
were administered to participating organizations to improve employment retention of
veterans who worked at these organizations. The overarching research question guiding
this study was: do military-connected couples who report feeling more supported by their
romantic partner (i.e. higher perceived partner responsiveness) demonstrate more positive
downstream psychological and health outcomes? Specifically, this research explored the
following hypotheses and research questions: Do individuals who perceive their partners
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as more responsive at baseline report higher sleep quality on average over 32 days,
relative to those with less responsive partners (actor effect; direct effect)? To what extent
does the downregulation of vigilance mediate the relationship between perceived partner
responsiveness and sleep (actor effect; indirect effect)? Do individuals who perceive
their partners as more responsive at baseline report less pain on average over 32 days,
relative to those with less responsive partners (actor effect; direct effect)? To what extent
does emotion-regulation mediate the relationship between perceived partner
responsiveness and pain (actor effect; indirect effect)? Furthermore, does one’s partner’s
level of PPR predict one’s own positive affect, negative affect, sleep or pain (partner
effects; direct and indirect effects)? Relatedly, does one’s partner’s positive affect and
negative affect ratings influence one’s own sleep or pain (partner effects; indirect
effects)?
Rationale and Hypotheses
Global Rationale and Assumptions of the Model
With an interest in examining how the intimacy process influences health
cumulatively over time, I examined aggregated health outcomes and psychological
mediators aggregated across the 32-day daily diary study. This approach of aggregation
of daily health outcomes and affective mechanisms is supported by work suggesting that
connections between fleeting daily experiences accumulate over time to change longterm health trajectories by setting into motion a domino effect of physiological changes
(Abelson, 1985; Chida & Steptoe, 2008; Magnusson & Cairns, 1996; Ong, 2010;
Pressman & Cohen, 2005; Windsor, Gerstorf, Pearson, Ryan, & Anstey, 2014). For
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example, feelings of relaxation and contentment that occur on a daily basis lower
cardiovascular reactivity, which over time reduces risk of heart disease and heart attack.
In their systematic review, Pressman and Cohen (2005) found that state positive affect
(i.e. daily positive moods) can improve a variety of health outcomes, such as improved
perceived health, pulmonary function, and less pain in clinical samples (e.g. patients with
cancer, fibromyalgia, and rheumatoid arthritis). Therefore, in this thesis, it is assumed
that supportive interactions with one’s partner that facilitate positive affect accumulate to
impact health changes over approximately a month’s time, as opposed to the idea that
downstream health outcomes of these processes are limited to the days on which these
interpersonal processes and psychological processes occurred. Further, this idea is
supported by previous research exploring general responsiveness, relationship
satisfaction, and sleep (e.g., Selcuk et al., 2017) and the consequence of chronic
experiences of loneliness, which has an inverse relationship with intimacy and perceived
partner responsiveness for sleep (e.g., Segrin & Burke, 2015; Cacioppo et al., 2002).
Previous longitudinal research has demonstrated the cumulative effects of positive
emotions to pain. By implementing a 10-week longitudinal study, Zautra, Johnson, and
Davis (2005) revealed that higher average positive affect was associated with less pain
week-to-week, across a large sample of women with chronic pain, and that that relative
decreases in positive affect one week were not followed reliably by increases in pain the
next week. This suggests that the overall accumulation of positive affect serves as a
source of resilience against pain, even on weeks with relative decreases in positive affect
(Zautra, Johnson & Davis, 2005). Therefore, the following hypotheses state that
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individuals who report feeling more supported by their spouse (i.e. perceiving greater
partner responsiveness) at baseline would report higher quality sleep and less pain over
the subsequent daily diary survey. Further, the following hypotheses assert that perceived
partner responsiveness would impact sleep quality and pain via increased positive affect
and decreased negative affect. For sleep, increased positive affect and decreased negative
affect represents downregulation of vigilance which is hypothesized to facilitate sleep
processes and improve sleep quality. For pain, increased positive affect and decreased
negative affect represents enhanced emotional regulation which is hypothesized to reduce
pain. The following subsection presents my hypotheses and research questions with
accompanying rationale.
Hypotheses and Research Questions
Hypothesis 1. Perceived partner responsiveness positively predicts sleep quality
(actor effect; APIM).
As previously noted, sleep has been traditionally studied at the individual-level,
but researchers have been moving towards the study of sleep as a dyadic process which is
embedded in the marital context (Troxel et al., 2007; Troxel, 2010). One recent study
found that self-disclosure (i.e. the sharing of emotional, meaningful personal information)
improved sleep quality (Kane et al., 2014). However, that study did not measure
responsiveness (i.e. the supportiveness of the partner’s reactions) to those disclosures
(Kane et al., 2014). It is reasonable to expect that the authors might have found even
stronger associations if perceived partner responsiveness was measured, given that
perceived partner responsiveness is essential for self-disclosure to be beneficial
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(Laurenceau et al., 2005; Greene et al., 2006). Arpin and colleagues (2018) found that
responsiveness to capitalization attempts (i.e. the sharing of positive news in order to
celebrate) showed positive effects on sleep through the mediators of loneliness and
intimacy in the aggregated dyadic models for veterans and spouses. Although
responsiveness to capitalization attempts is distinct from global perceptions of
responsiveness due to its context-dependent nature, that study found actor effects drawing
from the sample (from SERVe and the DFS) as the present investigation using dyadic
analyses. Whereas this hypothesis presents a relatively novel link between specific
relationship processes and sleep, the recent above-detailed study lends support for the
hypothesis that perceived partner responsiveness fosters high quality sleep.
Hypothesis 2a. Perceived partner responsiveness will positively predict sleep
quality through increased positive affect (actor effect; APIMeM).
Hypothesis 2b. Perceived partner responsiveness will positively predict sleep
quality through decreased negative affect (actor effect; APIMeM).
Recent evidence supports the hypotheses that perceived partner responsiveness
will impact sleep quality through the mechanism of downregulation of vigilance.
Restorative sleep, which is high-quality sleep that is not interrupted by awakenings
during the sleep period, requires a perceived absence of threat in the environment and
downregulation of arousal and vigilance (Selcuk et al., 2017). Dahl (1996) found that the
processes that promote downregulation of vigilance are optimized when a sense of
physical and emotional safety and security is experienced, which are generally sought
from relationships with close others through relationship processes (Troxel, 2010).
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Indeed, perceived partner responsiveness has been found to downregulate anxiety and
arousal and to instill a sense of security and quiescence (Selcuk al., 2010). Taken
together, the feelings of safety and security that close relationships offer foster the
downregulation of vigilance that are required for high sleep quality.
A recent empirical study that tested the mediation of downregulation of vigilance
on the impact of feeling supported by one’s partner on sleep outcomes informed the
following hypothesis. Selcuk and colleagues (2017) used data from a sample of 698
married or cohabiting adults who were first recruited from the National Survey of Midlife
Development in the United States II (MIDUS II; a study on health and aging conducted
in 2004–2006) and were later given sleep assessments upon recruitment into the
Biomarkers Study. Selcuk and colleagues (2017) found that perceived partner
responsiveness had a robust and significant direct effect on reducing survey-assessed
sleep problems. When they included both mediators (symptoms of anxiety and
depression) in the model, perceived partner responsiveness no longer had a direct effect
on global sleep problems. Moving to the actigraphy-collected sleep assessments,
perceived partner responsiveness was not directly associated with actigraphy-assessed
sleep efficiency or sleep duration. However, perceived partner responsiveness indirectly
predicted greater objective sleep efficiency via lower anxiety symptoms but not
depression symptoms.
This large and well-designed study was the first to test the interpersonal process
of intimacy (as represented by perceived partner responsiveness) on sleep. Selcuk and
authors (2017) provided crucial empirical support for the link between perceived partner
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responsiveness and sleep quality. This effect was also fully mediated by downregulation
of vigilance but was tested in only one member of romantic couples. The present study
seeks to extend their findings by incorporating both members of the couple to model the
actor and partner effects between the two partners. The above-listed hypotheses feature
positive affect and negative affect as mediators which were selected to represent the
downregulation of vigilance. The negative affect composite includes items such as
sadness parallels the mediators used by Selcuck and colleagues’ (2017) study such as
depression. The positive affect measure which includes items such as relaxation reflect
the construct of downregulation of vigilance in that it is intended to be a feeling of
calmness, which is fostered by a supportive significant other (Selcuk al., 2010). This
study uses the same subjective measurement their study used for sleep, the PSQI, to find
significant results for the mediation model. It was hypothesized that the present
mediation model will produce the similar results as Selcuk and authors (2017).
Research Question 1. Will perceived partner responsiveness impact partner’s
sleep quality (partner effect; APIM)?
Research Question 2a. Will perceived partner responsiveness impact partner’s
sleep quality through positive affect (partner effect; APIMeM)?
Research Question 2b. Will perceived partner responsiveness impact partner’s
sleep quality through negative affect (partner effect; APIMeM)?
As noted above, investigators approached the study of sleep as a dyadic process
embedded in the marital context (Troxel et al., 2007; Troxel, 2010) so it is reasonable to
predict that there is some degree of interdependence of interpersonal processes and health
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outcomes. There are few studies utilizing APIM or APIMem to examine this interaction.
Hasler and Troxel (2010) found cross-partner effects of daily relationship functioning on
that night’s sleep efficiency. For example, they found that female partners’ positive and
negative interaction ratings predicted male partners’ sleep efficiency more than the male
partners’ positive and negative interaction ratings predicted the female partners’ sleep
efficiency. Revenson and colleagues (2016) found significant partner effects for
partnered women and men such that greater anxiety predicted shorter sleep duration in
one’s significant other. Segrin and Burke (2015) found that higher levels of men’s
loneliness significantly predicted lower women’s self-reported sleep quality. However,
the corresponding partner effect from women’s’ loneliness to men’s sleep quality was not
significant. In contrast to these findings about positive relationship processes predicting
better sleep outcomes, one study found a partner effect in the opposite direction, whereby
higher wives' average self-disclosure ratings were associated with significantly lower
husbands' sleep efficiency and no significant partner effects were found for wives’ sleep
outcomes (Kane et al., 2014). Importantly, Arpin and colleagues (2018), who utilized the
participants from the same sample as the present work, found that some partner effects
were present for the spouses’ sleep outcomes so there is some evidence to support the
prediction of partner effects. Overall, these studies have found that negative relationship
functioning, and higher anxiety contributed to worsened sleep outcomes for spouses.
However, the study that tested part of the intimacy process (i.e. the making of selfdisclosures) found partner effects in the opposite direction for husbands’ sleep outcomes
(Kane et al., 2014). Therefore, the research questions about indirect and direct partner
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effects do not predict directionality. See Figure 3 for the standard APIM depicting
Hypothesis 1 and Research Question 1 and Figure 4 for APIMeM depicting Hypotheses
2ab and research questions 2ab.
Hypothesis 3. Perceived partner responsiveness will negatively predict pain
(actor effect; APIM).
As described above, relationship processes can impact pain through being primed
with a trusted other’s real, imagined, or symbolic presence (see Xie et al., 2016, for
review). As a result, the person feels calmer and safer, which reduces emotional and
cognitive reactions to threatening stimuli and thus reduces pain (Beckes & Coan, 2011;
Coan, 2011; Coan & Sbarra, 2015; Eisenberger et al., 2011; Xie et al., 2016, for review;
Younger et al., 2010). Laboratory experiments have shown that when participants felt
understood by another, they had higher pain tolerance, perceived a hill as less steep, and
estimated shorter distances to target locations (Oishi, Schiller, & Gross, 2013). It is
conceivable that feeling understood and validated by one’s romantic partner over time
could predict lower reports of pain (potentially either through the mechanism of altering
perception or increasing pain tolerance).
Another way that this influence might work is that individuals who perceive their
interactions with their partners as unresponsive might feel rejected and thus feel pain
resulting from that experience. Researchers have found that when a person feels severe
interpersonal stress, such as perceiving social exclusion, they experience social pain.
Social pain is a psychological phenomenon with a perceived loss of social connection
(Macdonald & Leary, 2005). Importantly, the social pain of feeling a loss of social
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connection stimulates the areas of the brain that are associated with physical pain
(Eisenberger et al., 2003). Partners who are viewed as unresponsive (i.e. invalidating,
uncaring, and negligent) could conceivably cause social pain in the disclosing partner,
due to a perceived relative loss of social connectedness with one’s significant other. This
might stimulate the area in the brain associated with pain stemming from physical tissue
damage. Researchers have been able to elicit social pain in the lab using a computer game
called Cyberball in which the other players seem to refuse to pass the ball to the
participant thus causing the participant to perceive ostracism (Williams & Jarvis, 2006;
Zadro, Williams & Richardson, 2004). Admittedly, invalidating responses are unlikely to
create as severe as a social pain as ostracism because it does not signal such an extreme
level of social disconnection. However, there is greater expectation of romantic partners
to be responsive, so a violation of that expectation would signal loss of social resources,
which could conceivably generate some social pain and physical pain. Thus, this would
support the hypothesis that individuals who perceive their partners as less responsive will
have more pain.
Hypothesis 4a. Perceived partner responsiveness will negatively predict pain
through increased positive affect (actor effect; APIMeM).
Hypothesis 4b. Perceived partner responsiveness will negatively predict pain
through decreased negative affect (actor effect; APIMeM).
The second set of hypotheses which seek to explore the mechanism by which pain
is impacted by perceived partner responsiveness are rooted in emotion-regulation.
According to emotion-regulation theory, relationship processes can impact one’s ability
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to manage one’s own emotions (Coan, 2011). This fostering of emotion-regulation might
extend into pain because it has a strong emotional component (Melzack & Casey, 1968).
Social emotion regulation is an active process by which one person intentionally
regulates another person’s emotions (Reeck, Ames, & Ochsner 2015; Xie et al., 2016;
Zaki & Williams, 2013). A systematic review has found that social regulation of emotion
(e.g. encouraging the other person, demonstrating empathy, holding hands during a fearevoking event) reduces pain (Krahé et al., 2013).
Echoing evidence from experimentally-induced pain studies, research about
patients with chronic pain has also begun to utilize intimacy models to conceptualize
verbal expressions of pain-related distress as emotional disclosure. The partner may then
validate these disclosures with their responsiveness or invalidate them with indifference
or criticism (Wilson, Martire, & Sliwinski, 2017). Wilson and colleagues’ (2017) dyadic
daily diary study using patients with chronic pain and their significant others found that
pain-specific responsiveness to verbal expressions of pain improved physical functioning,
suggesting reduced pain. This study suggested that the intimacy process can even
ameliorate pain in chronic pain populations. Because the present study is not a chronic
pain sample, the current hypothesis would not limit intimacy process to pain-specific
disclosures. Instead, it would broaden it to viewing one’s partner as supportive in general.
Limiting the intimacy model to pain-related conversations may miss the bigger picture of
seeing a partner as responsive to one’s needs in general, which would improve a person’s
well-being (Collins & Ford, 2010). Taken together, these studies from healthy
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populations and chronic pain populations lend support to the hypotheses that perceived
partner responsiveness fosters emotional regulation processes which in turn, reduce pain.
Research Question 3. Will perceived partner responsiveness impact partner’s
pain (partner effect; APIM)?
Research Question 4a. Will perceived partner responsiveness impact partner’s
pain through positive affect (partner effect; APIMeM)?
Research Question 4b. Will perceived partner responsiveness impact partner’s
pain through negative affect (partner effect; APIMeM)?
There is a paucity of dyadic studies about the association between relationshiprelated constructs (e.g. relationship functioning, loneliness, intimacy) and pain on which
to base any predictions regarding partner effects. A study of experimentally-induced pain
found that higher levels of men’s empathy was related to lower pain ratings for women
but no corresponding partner effect for men’s pain outcomes (Goldstein, Shamay-Tsoory,
Yellinek, & Weissman-Fogel, 2016). Due to the lack of existing research to guide
predictions, the research questions about indirect and direct partner effects do not predict
directionality. See Figure 5 for APIM labeled with Hypothesis 3 and Research Question
3. See Figure 6 for APIMeM labeled with hypotheses and research questions 3-4.
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Chapter Two – Methods
Procedure
Study for Employment Retention of Veterans (SERVe). Data for this study
were collected as part of the Study for Employment Retention of Veterans (SERVe), a
randomized controlled trial (RCT) of a supervisor training designed to increase
employment retention, work-family, and personal well-being outcomes for current or
former service members. To be eligible to participate, participants must have been post9/11 separated active duty and current reservists in or around Oregon who were
employed at least 20 hours per week in organizations that had agreed to participate in the
SERVe study. For more information about SERVe and this sample’s military background
and experience see Hammer, Wan, Brockwood, Mohr, and Carlson (2017). This sample
consisted of mostly separated service members (i.e. those who have left the U.S.
military), with fewer active reservists (18%), and most participants have deployed
(88.3%), so this study refers to the separated service members and active reservists
collectively as veterans hereafter for simplicity. Data was collected before the
supervisory intervention, called the Veteran-Supportive Supervisor Training (VSST), was
administered (baseline) and twice post-intervention (three months and nine months
following baseline). Participants received $25 on a reloadable gift card for each time they
completed one of the three surveys for the larger study. The current investigation used
baseline data from the larger SERVe study and the baseline DFS, both of which occurred
before the supervisory intervention.
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The Daily Family Study (DFS). Veterans who agreed to participate in the larger
SERVe project were also invited to participate in the Daily Family Study (DFS) with
spouses or cohabiting partners. The DFS was a 32-day web-based diary survey that was
conducted before the SERVe supervisory intervention was administered. From the larger
sample of 509 veterans participating in SERVe, 395 met eligibility criteria for the DFS
(i.e., married or cohabiting with a romantic partner for at least six months). To be eligible
to participate, both members of the dyad had to complete the baseline surveys. This
resulted in a total of 260 matched couples who were eligible for the DFS. Of those, 191
veterans and 188 spouses consented and enrolled in the DFS, resulting in 173 matched
dyads.
For the DFS, daily surveys were sent to participants via a secure email link, once
daily for 32 days. The survey took 5-10 minutes to complete. The survey had to be
completed between 5:00 PM and 11:00 PM (after work but before bedtime). For the
veterans who did not work regular hours (i.e. shift workers; 18%), both veterans and their
spouses completed a complementary set of survey items each morning from 5:00 AM to
11:00 AM. Veteran and spouse dyads were asked to complete their surveys separately
and to refrain from discussing survey responses. On average, participants of the DFS
completed approximately 24 survey days (of a possible 32) for a total of 7,916 surveyday observations, resulting in an average compliance of 78%. This compliance rate is
comparable to other studies utilizing daily diary methodology (e.g. Harris, Daniels &
Briner, 2003; Mohr et al., 2005). Veterans and their spouses could each earn up to $90 for
their continued participation in the DFS. All research activities in the current study were
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approved by an Institutional Review Board and the U.S. Army Medical Research and
Material Command, Human Research Protection Office. Veterans and spouses could
receive up to $90 each for their participation depending on the amount of surveys
completed in the DFS.
Participants
Of the 173 matched dyads who participated in the DFS, nine couples completed a
pilot version of the daily survey that did not include the primary study variables and two
couples responded in a non-matching reporting window. The sample size was further
reduced after an outlier and his spouse (n=2) were excluded and after two participants
who did not contribute data for the predictor variable and their partners were excluded
(n=4). After the application of the three-day minimum inclusion criterion, which resulted
in the exclusion of an additional twelve dyads, the final sample for the present thesis was
comprised of 147 dyads. I describe the procedures used to reach this final sample in the
data analysis section. On average, the veterans and spouses were in their late thirties
[38.2 (9.2) for veterans; 36.3 (9.1) for spouses]. The majority of participants were
Caucasian (83.7% of veterans; 81.0% of spouses). The majority of veterans were male
(89.9%) and the majority of spouses were female (90.5%). In the veteran group, 46.3%
completed college or technical, 26.5% attended some college or technical school but did
not finish, 21.8% started or completed graduate school, and 5.4% completed high school
or a GED. In the spouse group, 53.7% completed college or technical school, 23.1%
attended some college or technical school but did not finish, 16.3% started or completed
graduate school, 6.1% completed high school or a GED, and 0.7% completed less than
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high school. All of the dyads were heterosexual couples except for one same-sex couple.
On average, couples reported a relationship length of 12 years (SD = 8.6). Less than half
of the participants were parents (43.5% for veterans and 40.1% for spouses). On average,
the age of the youngest child living with the participants was about 6 years old. See Table
1 for complete descriptive statistics.
Measures
Baseline Measures (Time 1)
The baseline measures were collected in the baseline survey of larger study,
SERVe. This survey was administered before the DFS 32-day study.
Demographic information and covariates. Demographic information including
age, age of youngest child, education, emotional distress, gender, relationship length,
parental status, PTSS, and number of children was collected at baseline.
Perceived Partner Responsiveness. Perceptions of spousal supportiveness were
measured at baseline with an adapted form of the 3-item measure from Laurenceau and
authors (1998), which are based on the intimacy process as originally described by Reis
and Shaver (1988). The items were, “To what degree do you feel accepted by your
spouse/partner?,” “To what degree do you feel understood by your spouse/partner?,” and
“To what degree do you feel cared for by your spouse/partner?” Response options
ranged from (1) not at all to (7) very much. Items were coded such that a higher score
represents more perceived partner responsiveness and then I averaged to create a
composite score. This scale demonstrated acceptable reliability (Cronbach’s α = .87).
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Post-Traumatic Stress Symptoms (PTSS). Symptoms of PTSD assessed in the
veteran using the four-item Post-Traumatic Stress Checklist (Bliese et al., 2008).
Participants were prompted with the instructions, “Below is a list of reactions that
veterans sometimes have in response to stressful military experiences. Please read each
one carefully and select how much you have been bothered by that problem in the PAST
30 DAYS.” The items were included “Repeated disturbing memories, thoughts, or
images of the stressful experience,” “Having physical reactions… when something
reminded you of the stressful,” “Avoiding activities or situations because they reminded
you of the stressful experience,” and “Having difficulty concentrating”. Response options
ranged from (1) not at all to (5) extremely. Items were coded such that a higher score
represents more PTSS and then I summed the items to create a composite score. This
scale demonstrated acceptable reliability (Cronbach’s α = .91).
Psychological Distress. Both veteran and spouse baseline surveys also included a
6-item measure from Kessler and colleagues (2002). The instructions were, “Thinking
about the PAST MONTH, about how often did you...” Example items included “How
often do you feel worthless?” and “How often did you feel nervous?” The response
options ranged from (1) none of the time to (4) most of the time. I created composite
scores by summing the items and higher composite scores indicated greater emotional
distress. This scale demonstrated acceptable reliability (Cronbach’s α = .87).
Daily Measures (Time 2)
The daily measures were collected over 32 days in the Daily Family Study (DFS)
which occurred after the larger SERVe baseline but before the supervisory intervention
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was administered. Each of these measures was aggregated over the daily diary study
period.
Pain. Daily pain was assessed with a single item, “average level of pain
experienced” in the last 24 hours (Mattacola, Perrin, Gansneder, Allen & Mickey, 1997).
The participants were asked to rate their pain on a visual analog scale (VAS) that ranged
from no pain to unbearable pain (see Figure 7). The distance of their position from the
lowest extreme was measured to determine the participant’s value on the interval scale
which was (0) for no pain to (100) for unbearable pain. The VAS is a type of instrument
that has been used to assess a wide variety of constructs (such as perceptions of physical
health and quality of life) and has been found to have good validity, excellent reliability,
and good anchor-based responsiveness (De Boer et al., 2004). Single-item ratings of pain
are the most widely used in part because they can be administered relatively quickly,
making them convenient for both clinical and research use (Chapman et al., 2011; Turk &
Melzack, 2011). There are a multitude of benefits of using VAS scales as the way to
present single-item measurement of pain. These include ease of administration and
having “infinite” response options within the response range. Pain-specific VAS scales
also demonstrated high construct validity when compared to other measures of pain
intensity and observable pain behaviors (see Turk & Melzack, 2011 for review about
psychometric properties of pain scales). There are disadvantages of using such singleitem scales regarding pain, such as not being able to assess different dimensions of pain
(such as location of pain, affect about pain, impact on physical functioning; Turk &
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Melzack, 2011). However, the hypotheses regarding pain are exclusively focused on the
dimension of pain intensity so the single-item measure is appropriate for this research.
Positive and Negative Affect. Moods assessed using selected items from the
Positive and Negative Affect Schedule – Expanded form (PANAS-X; Watson & Clark
1999), Larsen and Diener’s (1992) mood circumplex model and Emmons and
McCullough (2003). These items were selected from the scale to represent the latent
variables of downregulation of vigilance and emotion-regulation. The purpose of
downregulation of vigilance, the proposed mediating pathway linking perceived partner
responsiveness and improved sleep quality, is achieving pleasant and less mentally active
emotional state (such as relaxation) while decreasing mental absorption with negative
things before bedtime (such as guiltiness, sadness, etc.). Similarly, the purpose of
emotion-regulation, the proposed meditation pathway to reduce pain, is to reduce
negative emotional states and increase positive emotional states (Gross, 1998). In the
context of validating conversations with one spouse that foster perceived partner
responsiveness, pain is likely influenced by the fostering of positive affect and relative
reduction of negative affect (i.e. social regulation of emotion; Gross, 1998). Similarly,
sleep has been shown to be improved by perceived partner responsiveness through the
mediator of downregulation of vigilance as represented by nervousness and depression
(Selcuk et al., 2017). Therefore, I categorized the items with positive valence into
positive affect (happy, relaxed, and grateful) and the items with negative valence into
negative affect (sad, angry, lonely, ashamed and guilty).
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The instructions for this measure were “This scale consists of a number of words
and phrases that describe different feelings and emotions. Read each item and then mark
the appropriate answer in the space next to that word. Indicate to what extent you feel this
way RIGHT NOW.” As mentioned above, the items included: happy, relaxed, grateful,
sad, angry, lonely, ashamed, and guilty. Response options ranged from (1) not at all to
(5) extremely. Other items that were assessed but were not selected for inclusion, such as
bored, were excluded because they would not reflect the psychological processes of
downregulation of vigilance and emotion-regulation. Each of the categories were divided
by the number of items in each to create an average (i.e., 3 for positive affect and 5 for
negative affect). A higher score in the positive affect for represent more positive affect.
Similarly, a higher score in the negative affect category represents more negative affect.
For aggregated APIMeM analyses, positive affect and negative affect were each averaged
within individuals to create a composite score. These scales demonstrated adequate
reliability (Cronbach’s α = .82 for positive affect; Cronbach’s α = .89 for negative
affect).
Sleep. Sleep quality was assessed using one item from the full 19-item Pittsburgh
Sleep Quality Index (PSQI; Buysse et al., 1989). PSQI is a validated and widely used
self-rating scale that produces a quantitative index of sleep quality (Buysse et al., 1993;
Carpenter & Andrykowski, 1998). The full PSQI was not used, which produces a
composite score of global sleep quality, because only selected items from the PSQI were
included in the DFS to minimize participant burden. The item this study utilizes was an
overall assessment of sleep quality. This item was chosen over any of the other items that
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were administered in the DFS because social relationships have been linked with sleep
quality more consistently than other dimensions of sleep such as total duration of sleep
(Bordeleau, Bernier, & Carrier, 2012; Cacioppo et al., 2002). Although the sleep quality
item is a subjective measure, sleep quality is highly predictive of physical and
psychological outcomes and so it is a widely-used metric (Buysse, 2014). Previous
studies lend support for the measurement of daily sleep outcomes with single items (e.g.,
Lee, Crain, McHale, Almeida, & Buxton, 2017; Sin et al., 2017).
The adapted instructions in the survey for the current research read “The next
several questions relate to your sleep. When considering these questions, please think of
your experience of sleep over the past 24 hours.” The adapted item for subjective sleep
quality was “How would you rate last night’s sleep quality overall?” The response
options ranged from (1) very bad to (4) very good. This single-item measure was scored
such that higher scores indicated improved sleep quality.
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Data Analytic Strategy
Data Screening and Statistical Assumptions
Prior to conducting hypothesis testing, it was necessary to investigate assumptions
that my analyses are based on as well as to prepare the data for statistical analyses. This
section reviews this process in detail such as providing descriptive information and
correlational statistics between key study variables, checking of distributional
assumptions, variable creation and centering, assessing the presence of and determining
how to manage missing data and outliers.
Variable Creation and Centering
I created perceived partner responsiveness (PPR) by averaging the three items. I
aggregated the daily variables (the affective items, sleep quality and pain) over the daily
diary study. The health outcomes of sleep quality and pain are one item each so the final
variables are simply average sleep and average pain over the daily diary study. The
mediators consist of select items from the PANAS that were categorized into positive
affect or negative affect. After aggregation of each affective item, I created a composite
score for positive affect and for negative affect. The positive affect category was an
average of three items: happy, relaxed, grateful. The negative affect category was an
average of five items: angry, ashamed, guilty, lonely, and sad. In order to conduct the
APIMs and APIMeMs, I grand mean centered my predictor variable (perceived partner
responsiveness) and covariate (relationship length), as per the suggestion of Kenny and
authors (2006).
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Minimum day requirement and compliance. Histograms revealed that there was
no clear cutoff point regarding the minimum number of days completed to not consider
data missing. Therefore, I assessed the number of days previous daily diary studies
required to be completed in order to retain data from participants. As Gunthert and
Wenze (2012) stated, a daily diary studies generally range from seven to thirty days and
recommendations for optimal duration of daily diary studies have not been made. There
was no clear precedent in either daily diary study duration or in requirements of
compliance in regard to number of days contributed in the literature. For example, Mohr
and colleagues (2005) retained data from participants who provided at least seven days of
surveys (out of 21) whereas other researchers retained data from participants who
provided at least four days of surveys (out of 8; Kelly & Stephen, 2016). I elected to
include participants who at least completed at least three days’ worth of data out of 32
days in order to have enough data points to create a pattern as well as to retain as much
data as possible. Thus, I excluded 12 dyads (or 24 participants) for not meeting this threeday compliance criterion. In the final sample of 147 dyads, the compliance rates were as
follows. On average participants contributed 25.48 out of 32 days (79.61% compliance).
The majority of participants (56.1%) contributed 29 days or more. Only 4.8% of
participants contributed between 3 and 7 days.
Missingness. The hypothesis-testing analyses utilized aggregated variables and
thus the daily items (positive affect, negative affect, pain and sleep) were only missing if
participants provided no data for any of the 32 days. There was no missing data for the
outcomes of pain and sleep before the three-day minimum requirement was applied.
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Once the three-day minimum requirement was applied, there was no longer missing data
in the predictor or in the mediators. Before the application of the three-day minimum
requirement, two participants did not provide data for the predictor of perceived partner
responsiveness and one participant did not provide data for the mediators (positive affect
and negative affect). After the application of the three-day minimum requirement, the
final sample contained no missing data for any of the primary study variables.
Outliers. I computed Cook’s distance values to screen for outliers, as they can
bias the results. The sole outlier that I found evidence of was an individual with
extremely high negative affect. The participant and his partner were ultimately eliminated
by the application of the three-day minimum. The final sample resulting from the
application of the three-day minimum contained no outliers.
Assessment of Assumptions. To assess the normality of the distribution Mardia’s
coefficients of skewness and kurtosis were calculated (Raykov & Marcoulides, 2012; p.
81). The mediator of negative affect and the outcome of pain both had positive skew
(skewness b=4.043, SE= .136, and skewness=1.51, SE=.135, respectively) and kurtosis
(kurtosis=21.56, SE=.271, and kurtosis=1.823, SE=.270, respectively). In light of the
significant problems with skew and kurtosis, transformation was attempted first by using
the most common transformations for positively skewed variables, a log transformation,
and later by a square root transformation. The distribution for pain became less skewed
after a square root transformation but the distribution of negative affect did not become
more normal after either transformation procedure. Because the transformation for
negative affect did not reduce skew, bootstrapping was conducted to manage skew.
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Bootstrapping makes no assumption about the normality of a distribution thus
enabling the use of the untransformed skewed variables. Because the results were largely
consistent between analyses using non-bootstrapped transformed variables and analyses
using bootstrapped untransformed variables, bootstrapping was chosen as the final
approach to conduct the hypothesis-testing analyses below. However, the downside of
bootstrapping is that the confidence intervals are inflated and there is a possibility that the
p-value is significant whereas the confidence interval regarding the same estimate is nonsignificant (Kline, 2010). Therefore, estimates were flagged if that issue arose.
Dyadic Preliminary Analyses
Data Processing and Analyses for APIM and APIMeM. Because the intention
of this work was to investigate how veterans and spouses impact their own as well as one
another’s health outcomes, it was determined that the most appropriate statistical model
would be the Actor-Partner Interdependence Model (APIM). Additionally, this model has
the added benefit of controlling for nonindependence among dyad members’ scores on
key study outcomes (Cook & Kenny, 2005; Kenny et al., 2006). Further, it was deemed
that Actor-Partner Interdependence Mediated Model (APIMeM) would be the most
appropriate model for my hypotheses regarding indirect effects (Ledermann &
Bodenmann, 2006). The APIMeM differs structurally from the APIM in that is has three
pairs of variables for two dyad members- the predictor, outcome and mediator whereas
the APIM only has two pairs of variables: the predictor and the outcome. Power analyses
were conducted before executing the APIMs and APIMeMs. Additionally,
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nonindependence and distinguishability of dyads were assessed before conducting the
APIMs and APIMeMs (Kenny et al., 2006; Ledermann et al., 2011).
Sensitivity Power Analysis for Dyadic Data Analysis. I conducted a sensitivity
power analysis to estimate effect size given the alpha, sample size and power using a free
web-based program. I utilized this program to determine the effect size of the standard
APIM (Ackerman, Ledermann, & Kenny, 2015). The following power analyses were
conducted with a sample size of 147 dyads, α = 0.05, two tailed tests, and power = 0.80
in APIM Power calculator (Kenny & Ackerman, 2015). The minimal detectable effect
size is 0.16 for actor and partner effects and 0.30 for the correlation of the actor and
partner variables and the correlation of the errors. I obtained these estimates by inputting
my sample size and by adjusting the minimal detectable effect sizes for actor and partner
effects until I obtained the desired power level (.80). Therefore, the sample size was
adequate to conduct the analyses in the standard APIM.
Whereas there are resources regarding power analysis for the standard APIM (e.g.
Ackerman et al., 2015; Kenny et al., 2006), few existing resources provide guidance for
power analysis for the APIMeM (e.g. Ledermann et al., 2011; Schoemann, Boulton, &
Short, 2017 for review). To my knowledge, no validated test of power has been
developed for the APIMeM. A search for guidance from recent studies demonstrated that
other studies utilizing the APIMeM methodology had sample sizes that ranged from 50 to
205 dyads with an average of 139 dyads (e.g. Bouchard, 2018; Chow & Tan, 2013;
Fincham & Beach, 2014; Landis et al., 2014; Lim et al., 2014; Park & Haun, 2017;
Secinti et al., 2018; Tims et al., 2015; Wang et al. 2018; Yan et al., 2018). Therefore, the
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sample size of 147 dyads in the present study was well within the range of published
sample sizes for hypothesis-testing with APIMeM.
Nonindependence. In the context of dyadic analysis, nonindependence is the
assumption that dependent variables are linked between members of a dyad. Bivariate
correlations were calculated to assess for nonindependence in the outcomes between
veterans and spouses (Kenny et al., 2006). Kenny, Kashy and Bolger (1998) recommend
raising the alpha level to .20 when testing correlations for nonindependence. The results
of the correlations between veterans and spouses were as follows: positive affect (r=.416;
p<.001), negative affect (r=.415; p<.001), sleep quality (r=.164; p<.05), and pain (r=.125;
p=.127). Therefore, the mediators and outcomes demonstrated adequate
nonindependence. Although this sample size might be too small to detect low levels of
nonindependence, even a small level of nonindependence can be consequential (Kenny et
al., 1998; Kenny et al., 2006).
Additionally, I assessed nonindependence based on employer to determine if
employees of a particular organization were linked in some way in regard to the health
outcomes. For example, it is possible that employees of an organization in which rotating
shifts and night shifts are common may have lower sleep quality than employees of other
organizations that have more regular work schedules. To determine if organizational
membership should be accounted for, I conducted two separate tests of nonindependence.
Organizational membership accounted for no significant amount of variance for both
sleep (Wald Z = 0.323; p=.745) and pain (Wald Z = 0.245; p=.806). Therefore, I
determined that I did not need to include organization membership in the analyses.
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Distinguishability of Dyads. As recommended by Kenny and colleagues (2006),
the distinguishability of dyads was assessed. Distinguishability of the dyads refers to
whether the groups (i.e. veterans and spouses) are different empirically. Conceptually,
veterans and spouses are distinguishable in that one member is a current or former service
member while the other overwhelmingly is a person with no military history. But, it is
important to determine if veterans and spouses are empirically different (e.g. have
significantly different variances) because certain analytic techniques that are appropriate
for distinguishable dyads are not for indistinguishable dyads (Kenny et al., 2006).
Therefore, for each of the pathways (e.g. perceived partner responsiveness - pain,
perceived partner responsiveness - positive affect, positive affect - pain) I conducted
empirical tests for distinguishability of the dyads utilizing the strategy described by
Kenny and colleagues (2006) which involved running a linear model in which the dyads
are distinguishable and another model in which they are indistinguishable in SPSS data
analytic software (IBM Corp, 2016). Essentially, this consisted of retesting the models
after constraining actor and partner effects to be equal (i.e. considering the partners to be
indistinguishable) and then comparing these results with the models in which the dyads
were considered distinguishable (i.e. had no equality restrains). The initial tests for
distinguishability revealed that veterans and spouses were distinguishable by
veteran/spouse status for the majority of pathways, with three exceptions. Specifically,
the following pathways did not show evidence for distinguishability based on nonsignificant chi-square tests: perceived partner responsiveness – sleep (χ2(4) = 5.224,
p=.265), positive affect – sleep (χ2(4) = 4.89, p=.298), negative affect – sleep (χ2(4) =
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6.514, p=.164). The pathways that were revealed to be distinguishable on some metric in
the initial distinguishability test were assessed with follow-up analyses to determine the
source of distinguishability in the model (e.g. mean values, variances, actor effects,
partner effects). The follow-up test consisted of conducting an interaction model using
restricted maximum likelihood (REML) in which the dyads were considered
distinguishable (i.e. had not equality restrains) per recommendations from Kenny and
colleagues (2006). The three pathways concerning pain (perceived partner responsiveness
– pain, positive affect – pain, and negative affect – pain) were found to be distinguishable
in the follow-up tests. The two pathways from the predictor to the mediators (i.e.
perceived partner responsiveness – positive affect, perceived partner responsiveness –
negative affect) were found to be distinguishable in the follow-up tests. Because the
veterans and spouses were empirically distinguishable in the pathways in the models
examining pain, I conducted all of the pain models by treating them as distinguishable to
permit differences between these groups to be captured. In contrast, the sleep models
included a mix of pathways that are distinguishable (perceived partner responsiveness –
positive affect, perceived partner responsiveness – negative affect) as well as pathways
that are indistinguishable and thus were constrained to be equal (perceived partner
responsiveness – sleep, positive affect – sleep, negative affect – sleep).
Covariates. Correlations between potential demographic control variables (age of
youngest child, emotional distress, gender, relationship length, parental status, PTSS, and
number of children) and the primary study variables (perceived partner responsiveness,
positive affect, negative affect, sleep, and pain) were examined in preliminary analyses.
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Variables with p-values less than .05 that were not significantly correlated with the
predictor were considered to be of theoretical relevance to the current study and were
included as covariates in the APIMs and APIMeMs. The reason why the predictor was
included alongside mediators and outcomes that are routinely included in relation to the
consideration of potential covariates was that the inclusion of control variables that are
highly correlated with the predictor may introduce serious statistical issues (see Bernerth
& Aguinis, 2016 for review). Rather than achieving my intended purpose of including a
control variable, which was to remove variance associated with variables that are not the
focus of the study (Carlson & Wu, 2012), the inclusion of covariates that are highly
correlated with the predictor may result in the reduction of explainable variance and can
potentially produce results that seem to show that the predictor is unrelated to the
outcome when in fact, there are bivariate correlations between the predictor and the
outcome present (Bernerth & Aguinis, 2016). Therefore, in the assessment of potential
covariates, correlations were conducted with the predictor as well as with the mediators
and outcomes.
Hypothesis Testing using APIMs and APIMeMs
Following the preliminary analyses, all hypothesis-testing analyses were
conducted using Mplus version 8 structural equation modeling statistical software
(Muthén & Muthén, 2018). First, the direct effects of PPR predicting sleep and the direct
effects of PPR predicting pain using two APIMs were explored. Then, the first mediated
APIM (APIMeM) was conducted wherein the associations between indirect effects of
PPR on sleep, via positive affect, aggregated over the 32-day study were assessed. The
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second APIMeM examined the indirect effects of PPR on sleep via negative affect,
aggregated over the 32-day study. The third APIMeM explored the indirect effects of
PPR on pain, via positive affect, aggregated over the 32-day study. The fourth and final
APIMeM assessed the indirect effects of PPR on pain, via negative affect, aggregated
over the 32-day study.
Bootstrapping. Boostrapping was utilized to estimate the models’ direct effects
and indirect effects (for discussion, see Preacher & Hayes, 2004; Shrout & Bolger, 2002).
Bootstrapping is a computer-based method that creates an approximation of the sampling
distribution of a statistic by sampling with replacement from the original dataset that
combines the cases in a dataset in different ways. The benefits of conducting
bootstrapping include circumventing problems associated with non-normal distributions
(Efron & Tibshirani, 1993; Shrout & Bolger, 2002). The bootstrap methods featured in
Mplus version 8 (Muthén & Muthén, 2018) were utilized and per recommendations from
Preacher and Hayes (2004), 5,000 resamples were conducted.
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Chapter Three - Results
Descriptive Information and Correlational Statistics
Before conducting analyses associated with hypothesis-testing, I assessed
descriptive statistics (see Table 1-2) and histograms of my variables (see Figures 8-11).
The histograms show that the mediators and outcomes were largely normally distributed
except for negative affect and pain, which were positively skewed. The issue of violated
assumption of normality and how it was managed is detailed below. Additionally, the
data was explored to determine if there were differences in the study variables based on
veteran or spouse status. Results of paired t-tests revealed that veterans and spouses did
not significantly differ in negative affect and sleep quality. However, there were
significant differences between veterans and spouses in perceived partner responsiveness,
positive affect and pain. See Table 2 for descriptive statistics and the results of the paired
sample t-tests for the study variables.
I calculated Pearson correlation coefficients to establish the presence, magnitude,
and direction of bivariate associations between within-group study variables before
investigating relationships in multivariate models. Additionally, I calculated correlation
coefficients for the proposed control variables (age of youngest child, emotional distress,
gender, relationship length, parental status, PTSS, and number of children). A simplified
table of those correlations is presented in Table 3. Age, gender, shift worker status, and
number of children were not significantly correlated to any of the study variables for
either veterans or spouses. For veterans and spouses, emotional distress and PTSD were
correlated with many of the primary study variables. Additionally, variables associated

RESPONSIVENESS, SLEEP AND PAIN IN VETERANS AND SPOUSES

79

with parenthood and children’s age only emerged as significantly correlated with the
sleep quality variables. However, the age of one’s youngest child had significant
structural missing data (i.e. 53 participants did not provide data because they were not
parents) so it could not be included as a covariate. Emotional distress, PTSD and parental
status were not included as covariates given correlations with the predictor. As noted
above, correlations with the predictor would reduce much of the explainable variable
(Bernerth & Aguinis, 2016). Relationship length was significantly negatively correlated
with veterans’ negative affect and positively correlated with veterans’ sleep quality.
Therefore, the final variable that was included as a covariate was relationship length.
Hypothesis Testing
The purpose of this study was to examine within-person and between-person
associations between perceived partner responsiveness and the health outcomes of sleep
quality and pain as well as the mediators of positive and negative affect. To examine
these associations, Mplus Version 8 statistical software (Muthén & Muthén, 2018) was
utilized to conduct APIMs and APIMeMs. The results reported below and in the
corresponding tables and figures were unstandardized estimates.
Results of Perceived Partner Responsiveness-Sleep Quality APIM
For the standard APIM assessing associations between perceived partner
responsiveness and sleep quality, evidence was found to support for Hypothesis 1 such
that perceived partner responsiveness positively predicted sleep quality (b = 0.08; SE =
0.02; p < .001; 95% CI [0.04, 0.12]). Evidence was not found to support Research
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Question 1 as no significant partner effects emerged. See Figure 12 for an illustration of
the findings.
Results of Perceived Partner Responsiveness-Positive Affect-Sleep Quality APIMeM
For the APIMeM assessing connections between perceived partner
responsiveness, positive affect, and sleep quality, evidence was found to support for
Hypothesis 2a such that perceived partner responsiveness positively predicted sleep
quality through positive affect for veterans (specific indirect effect b= 0.06; SE = 0.01; p
< .001; 95% CI [0.03, 0.09]) and spouses (specific indirect effect b= 0.05; SE = 0.02; p <
.01; 95% CI [0.02, 0.08]). The findings revealed indirect effects for both veterans and
spouses. Research Question 2a which regarded the presence of partner effects for this
model was partially supported. Other than veteran perceived partner responsiveness
positively predicting spouse positive affect (b = 0.149; SE = 0.05; p < .01; 95% CI [0.04,
0.24]), no other significant partner effects emerged. See Figure 13 for an illustration of
the findings and Table 4 for a table summarizing the indirect effects.
Results of Perceived Partner Responsiveness-Negative Affect-Sleep Quality
APIMeM
For the APIMeM assessing connections between perceived partner
responsiveness, negative affect, and sleep quality, evidence was found to support for
Hypothesis 2b such that perceived partner responsiveness negatively predicted sleep
quality through negative affect for veterans (specific indirect effect b = 0.02; SE = 0.01; p
< .01; 95% CI [0.01, 0.03]) and spouses (specific indirect effect b = 0.06; SE = 0.02; p <
.001; 95% CI [0.03, 0.10]). The findings revealed indirect effects for both veterans and
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spouses. Research Question 2b, which regarded the presence of partner effects for this
model, was not supported. See Figure 14 for an illustration of the findings and Table 5 for
a table summarizing the indirect effects.

Results of Perceived Partner Responsiveness-Pain APIM
For the standard APIM assessing connections between perceived partner
responsiveness and pain, partial evidence was found to support for Hypothesis 3 such that
perceived partner responsiveness negatively predicts pain. This effect was significant for
veterans (b = -2.51; SE = 1.27; p < .05; 95% CI [-5.36, -0.36]) only. For spouses, the
actor effect was nonsignificant (b= -2.61; SE = 1.37; p = n.s.; 95% CI [-5.21, 0.23]).
Evidence was not found to support Research Question 3 such that no significant partner
effects emerged. See Figure 15 for an illustration of the findings.
Results of Perceived Partner Responsiveness-Positive Affect-Pain APIMeM
For the APIMeM assessing connections between perceived partner
responsiveness, positive affect, and pain, evidence was found to support Hypothesis 4a
such that perceived partner responsiveness positively predicted positive affect which, in
turn, negatively predicted pain. The findings revealed an indirect effect for veterans only
(specific indirect effect b = -1.34; SE = 0.67; p < .05; 95% CI [-2.97, -0.27]). For
spouses, there was no evidence of a direct path or a complete indirect path once the
mediator was added (specific indirect effect b= -0.38; SE = 0.36; p = n.s.; 95% CI [-1.21,
0.24]). The association between the spouse perceived partner responsiveness and positive
affect was significant (b = 0.22; SE = 0.06; p < .001; 95% CI [0.09, 0.35]) but the path
from positive affect to pain as well as the path from perceived partner responsiveness to
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pain were not significant. Research Question 4a, which regarded the presence of partner
effects for this model, was partially supported. Other than veteran perceived partner
responsiveness positively predicting spouse positive affect (b = 0.15; SE = 0.06; p < .01;
95% CI [0.04, 0.24]), no other significant partner effects emerged for either dyad
member. See Figure 16 for an illustration of the findings and Table 6 for a summary of
the indirect effects.
Results of Perceived Partner Responsiveness-Negative Affect-Pain APIMeM
For the APIMeM assessing connections between perceived partner
responsiveness, negative affect, and pain, evidence was found to support for Hypothesis
4b such that perceived partner responsiveness negatively predicted negative affect which
in turn positively predicted pain. The findings revealed an indirect effect for veterans
only (specific indirect effect b = -1.79; SE = 0.76; p < .05; 95% CI [-3.63, -0.63]). For
spouses, there was no evidence of complete direct or indirect paths once the mediator was
added (specific indirect effect b = -0.58; SE = 0.59; p = n.s.; 95% CI [-1.83, 0.52]). The
association between the spouse perceived partner responsiveness and spouse negative
affect was significant (b = -0.14; SE = 0.04; p < .001; 95% CI [-0.25, -0.07]) but the
paths of negative affect to pain as well as perceived partner responsiveness to pain were
not significant for spouses. Research Question 4b, which regarded the presence of partner
effects for this model, was not supported. See Figure 17 for an illustration of the findings
and Table 7 for a summary of the indirect effects.
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Chapter Four - Discussion
As hypothesized, within military-connected couples that endorsed higher ratings
of perceived partner responsiveness at baseline, romantic partners demonstrated more
positive emotional states (i.e. higher positive affect and lower negative affect) and
healthier physical health outcomes (i.e. higher sleep quality and lower pain) in the
following daily diary study. Each of the hypothesized actor effects in regard sleep were
supported such that perceived partner responsiveness was found to positively predict
sleep quality directly as well as via the indirect effect of downregulation of vigilance. The
actor effects for sleep were observed for both members of the military-connected couple.
In contrast, the hypothesized actor effects in regard to pain were found only for veterans
rather than for both members of the military-connected couple. Specifically, greater
veteran perceived partner responsiveness predicted reduced veteran pain directly as well
as through the indirect effect of veteran emotion-regulation. These effects were not
observed for spouses and potential reasons for the absence of pain-related effects for
spouses are considered below. Most of the partner effects that were predicted to be
present were not found except for the veteran perceived partner responsiveness on spouse
positive affect in the APIMeMs concerning both sleep and pain. Next, I will situate these
findings in the greater body of literature.
Contributions to Literature
The current work expands upon existing research on the sleep-promoting and
analgesic effects of the intimacy process by demonstrating how these salubrious effects
unfold for each romantic partner in military-connected couples using daily diary data.
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This research provides preliminary evidence that future studies can utilize when
investigating the health-promoting effects of the intimacy process in civilian couples.
This study fills two gaps in the military health literature. First, it assessed both partners of
military-connected couples simultaneously on interpersonal processes, psychological
processes, and health measures of sleep and pain. Second it analyzed the data dyadically
via standard actor-partner interdependence models and mediated actor-partner
interdependence models. The standard and mediated actor-partner interdependence
models are an innovative statistical tool, which allows researchers to uncover differential
impacts that members of a dyad have on each other’s health and their own health to
capture the nuances of relationship processes on health (Reed et al., 2013). This study
utilized aggregated dyadic models to demonstrate that perceived partner responsiveness
predicted sleep for both members of the military-connected couple via the
downregulation of vigilance. Additionally, such models revealed that veterans showed a
similar pattern of perceived partner responsiveness and pain as a function of emotionregulation. The sole partner effects that were found were veterans’ perceptions of
responsiveness predicting the spouses’ positive affect (which was used in conjunction
with negative affect to operationalize the psychological processes of downregulation of
vigilance and emotion-regulation).
The present study benefits from methodological strengths including the study of
the intimacy process in the context of sleep and pain using a dyadic design in a sample of
current or former service members and their military-connected spouses at multiple
timepoints. To the author’s knowledge, this is the first study to date to examine perceived
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partner responsiveness as a predictor of sleep quality or of pain by analyzing responses
from both members of romantic couples (civilian or military-connected) with standard
and mediated actor-partner interdependence models. The author’s collaborative research
paper utilizing the same sample from SERVe demonstrated that a related but distinct
process, responsiveness to capitalization attempts, influences sleep through the pathways
of loneliness and intimacy (Arpin et al., 2018). Specifically, that study found actor effects
for both veterans and spouses and partner effects for spouses only in the data’s
aggregated dyadic models (Arpin et al., 2018). The present work extends the work from
Arpin and colleagues (2018) by investigating global perceptions of responsiveness as a
predictor as well as by considering intrapersonal mechanisms of downregulation of
vigilance and emotion-regulation. Another pertinent example in the literature revealed
that perceived responsiveness influences sleep via the downregulation of depression and
anxiety in a civilian sample (Selcuk et al., 2017). The present thesis corroborates their
findings that responsiveness downregulates vigilance, measured with negative affect
items like “sadness”, to facilitate restorative, high-quality sleep. This study extends their
work by adding the positive affective pathway with items like “relaxation” as manifest
variables of the latent downregulation mechanism. Further this study verifies that this
process extends to military-connected couples, who have higher prevalence of sleep
problems than the civilian population (e.g. Holliday et al., 2016; Troxel et al., 2015). The
finding that perceived partner responsiveness boosts positive affect and lowers negative
affect demonstrates that this relationship process would be a potential avenue of
intervention among military-connected couples, who may experience increased stressors

RESPONSIVENESS, SLEEP AND PAIN IN VETERANS AND SPOUSES

86

which can impair relationship functioning (e.g. Baptist et al., 2011; Willerton,
Wadsworth, & Riggs, 2011). Fredrickson’s broaden-and-build framework (1998) states
that a function of positive emotions is to broaden an individual’s thought-action
repertoire (i.e. to facilitate a broader scope of cognition, attention, and action) and to
build resources (i.e. to enhance the individual’s physical, intellectual, and social
resources). Working from this framework, the intimacy process services to build
resources and encourage a positivity spiral. For example, an intervention targeting the
intimacy process could include couples practicing making self-disclosures and learning
how to provide more validating and caring responses to their partner’s disclosures. This
could in turn, promote positive affect which would promote the building and broadening
of intrapersonal and relationship resources.
Support was not found for the spouse actor effects concerning pain as well as the
majority of hypothesized partner effects. Spouse actor effects were not found for
hypothesized direct effect of perceived partner responsiveness predicting pain as well as
the indirect effect of perceived partner responsiveness predicting pain through emotionregulation. Compared to veterans, spouses had lower pain on average and therefore, a
floor effect may explain the absence of associations between the predictor as well as the
mediators and pain. In regard to the lack of partner effects, partner effects are more
difficult to find than actor effects (Kenny et al., 2006). Although my sample was large
enough to find actor effects, the sample may not have been large enough to detect partner
effects and especially partner effects of a smaller magnitude.
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Limitations
Despite the strengths and contributions of this present research, this thesis has
several limitations. One important limitation is the confounding of gender with the
distinguishing variable of veteran military status. The implication of this is that I was not
able to analyze potential gender effects independent of military status. Due to the large
overlap between these variables, this research was not able to control for gender because
the variance associated with veteran military status would have been absorbed by
controlling for gender. In the literature, there is some evidence for potential gender
differences in sleep such that women report more sleep-related complaints than men
(Krishnan & Collop, 2006). Additionally, the pain research points to sex-related
influences on pain such that females have higher pain sensitivity and also are at greater
risk for many clinical pain conditions (Fillingim, King, Ribeiro-Dasilva, RahimWilliams, & Riley, 2009). Additionally, other limitations of the present study regard
methodology. Whereas one of the benefits of daily process methodology is reduction in
retrospective bias, the survey data is still self-report, which is subject to other biases such
as social desirability concerns. Also, the present study does not have the added
methodological benefit of objectively assessing sleep (e.g. with the use of actigraphy
watches) but rather, relies on a survey to assess sleep quality. Although this research
found significant results using a subjective measurement of sleep, future studies would
benefit from including objective measures for the sleep outcomes.
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Future Directions
Given that higher perceived partner responsiveness was found to be predictive of
beneficial health effects (i.e. increased sleep quality and decreased pain) in these
aggregated models, I intend to explore the daily influences to investigate how the
intimacy process unfolds over time in future studies. The indirect effect of psychological
mechanisms and the health outcomes were measured in the daily diary study and were
aggregated for analyses in the present thesis. Therefore, there is less temporal precedence
to consider the psychological mechanisms preceding the health outcomes because the
aggregated models do not allow for analytical designs featuring psychological
mechanisms occurring before the outcomes. Further, the predictor was measured some
time before the psychological mechanisms and the outcomes occurred. While perceived
partner responsiveness can be a relatively stable global perception, it can still fluctuate
day to day with positive and negative interactions that occur between the members of the
couple (e.g. Laurenceau et al., 1998; Reis et al., 2004). To address the fluctuating nature
of perceived partner responsiveness, overtime models would assess how daytime
perceived partner responsiveness promotes downregulated vigilance which, in turn,
facilitates sleep that night. Daily models could explore novel research questions about the
influence of interpersonal processes on health. For example, daily process methodology
could test if the analgesic effects of perceived partner responsiveness are only
experienced the same day as the supportive conversation or if they endure for multiple
days. Drawing from the same sample as the present study, Arpin and colleagues (2018)
utilized such overtime models to demonstrate that responsiveness to capitalization
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attempts (i.e. the sharing of good news) predicted reductions in sleep difficulty through
loneliness and intimacy overtime. This lends support for potential associations that could
be revealed with lagged analyses to be conducted in future studies. To the author’s
knowledge, no such model has been tested for pain in regard to supportive relationship
processes in either aggregated or overtime models. Finally, I intend to examine the
associations between intimacy process, sleep and pain in an integrated, bidirectional,
overtime model.
Future studies should explore the differential findings depending on veteran or
spouse role from the present study in regard to pain. Specifically, it would be important
to understand why veterans demonstrated reduced pain when experiencing greater
perceived partner responsiveness but spouses did not demonstrate this beneficial effect.
As noted earlier, the spouses in this sample had significantly less pain than the veterans
so it is possible that a floor effect would explain the absence of an association between
perceived partner responsiveness and pain for spouses. However, examinations of
spouses with greater pain at baseline, and thus greater chance of pain variability over the
32-day diary study, might help to illuminate if the lack of spouse actor effect was due to a
floor effect or role effects. These role effects could be related to military experience (i.e.
something fundamentally different that does not allow civilian spouses to enjoy certain
health-promoting effects of PPR compared to veterans) or could be due to gender
differences in pain processes (e.g. potentially, women’s pain is less influenced by social
processes compared to men’s pain). Due to the gender and military status overlap in this
sample, future work might improve upon it by oversampling female veterans and their
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male civilian partners to disentangle role effects stemming from gender versus military
experience.
Future studies should also examine the moderating influence of relationship
length in regard to the salubrious effects of perceived partner responsiveness on health
outcomes. I would like to explore the association of relationship length more deeply such
as examining if this association is linear (e.g. longer relationships are associated with
strengthened connections between perceived partner responsiveness and health
outcomes), curvilinear (e.g. as relationship length increases, beneficial health effects of
perceived partner responsiveness increases but only up to a certain point, after which,
salubrious effects of perceived partner responsiveness decrease), or some other pattern
altogether. Such a study would lend insights into the effect of relationship length and
associated factors on the salubrious effect of perceived partner responsiveness. For
example, increased relationship length could be associated with higher functioning
relationships meaning that members of the couple might be more skilled at garnering
social support and understanding their partners and so these couples might perceive their
partners to be more responsive and thus have improved health outcomes. On the other
hand, increased relationship length may also be associated with increased age which
would likely increase the likelihood of worsened health. Therefore, examining
relationship length would lend insights into both interpersonal and health dynamics of
couples at various developmental stages interpersonally and chronologically.
Finally, multiple lines of research have shown that the relationships between and
health outcomes and relationship functions are complex and bidirectional. For example,
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sleep and pain have been found to share mutual influence in studies across a variety of
age groups in different countries as well as with clinical and healthy samples (for review
see Andersen, Araujo, Frange, & Tufik, 2018; e.g. Bonvanie, Oldehinkel, Rosmalen, &
Janssens, 2016; Chen et al., 2018; de la Vega et al., 2018; Mathias et al., 2018). Also
sleep has been shown to have bidirectional relationships with interpersonal processes
(Troxel, 2010). Therefore, future studies seeking to study the complex interplay of the
variables should test bidirectional models in which these variables are specified to
influence each other. In chronic pain populations, pain disrupts sleep and, in turn, poor
sleep intensifies pain and increases irritability while decreasing psychological resources
to cope with pain as well as to function in daily life (see Marshansky et al., 2017 for
review). Further, health problems such as sleep disturbances can take a toll on
relationship functioning in addition to being exacerbated by poor relationship functioning
(e.g. Troxel, 2010). Often the broader health literature does not include the influence of
relationship functioning in considering these phenomena (e.g. Dunkel Schetter, 2017, for
review). Leading researchers have called the fields of health and relationships together to
learn from one another in order to create more comprehensive theories and models (e.g.
Holt-Lunstad, 2018; Reed et al., 2013; Sbarra, & Coan, 2018). In this specific area of
research, theoretical models should include the dynamic cycles of relationship processes,
psychological processes, sleep, and pain for a more complete picture of these
interconnected phenomena.
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Implications
Theoretically, this work lends support for the organizing framework presented by
Pietromonaco and Collins (2017) asserting that relationship processes influence health
indirectly through intrapersonal processes. Specifically, indirect effects of perceived
partner responsiveness through intrapersonal processes were demonstrated for both
members of the military-connected couple in regard to sleep, and for veterans only in
regard to pain. The results of this research offer insights into the nature of positive
relationship processes influencing health outcomes in veterans and their spouses that can
inspire future research, as well as both preventive and secondary interventions.
Particularly, the results replicate findings that the downregulation of vigilance is one
mechanism by which perceived partner responsiveness affects sleep. Similarly, but for
veterans only, emotion-regulation is one mechanism by which perceived partner
responsiveness affects pain. Findings of the present work may help open avenues for
holistic intervention designs when addressing health issues in military populations and
military-connected spouse populations. For example, a dyadic intervention for PTSD in
military-connected couples targeted the proximal outcome of improving communication
within the couple to ultimately achieve the more distal outcome of reducing PTSD
symptoms and promoting other positive mental health outcomes (Bowen et al., 2010).
This study could inform similar interventions for military-connected couples struggling
with sleep disturbances and pain. Optimizing the intimacy process would represent a
mostly untapped resource in ameliorating sleep disturbances and pain. This could
potentially be coupled with more conventional medical and other therapeutic
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interventions for a more holistic treatment approach that includes one of the most
influential relationship for adults, their romantic partners. Health problems of one
member of military-connected couples are managed by and affect both romantic partners
(Lewis et al., 2012; Trump et al., 2015). Therefore, holistic treatment programs that
include both romantic partners are likely to be the most impactful.
Conclusion
The present work utilized dyadic data analysis to examine the associations among
perceived partner responsiveness, downregulation of vigilance, emotion-regulation, sleep,
and pain. In regard to adding to the understanding of the sleep, the present study
expanded upon recent work documenting the links between responsiveness and sleep by
examining data from both members of the romantic couple. Likewise, the present work
also builds on the preliminary work of experimental studies demonstrating the analgesic
effect of supportive interpersonal processes by utilizing daily diary methodology to
capture these processes as they occur ‘in the real world’ and by examining the
interdependence between romantic partners. The results of this research lend insights
regarding particular interpersonal and psychological mechanisms by which social
relationships influence health. This study provides support for novel treatment venues
such as holistic treatment approaches that supplement the more conventional medical
treatment for sleep difficulty and pain with the promotion of supportive interpersonal
processes with romantic partners. Importantly, this study investigated these supportive
processes in the context of military-connected couples, who are at high-risk for both sleep
problems and pain.
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Tables and Figures
Table 1. Descriptive statistics for the demographics.
Veterans
Mean (SD)/
Variable
N
Freq (%)
Age
147
38.2 (9.2)
Race
147
White/Caucasian
123 (83.7%)
Multiple
18 (12.2%)
Black/African American
2 (1.4%)
Asian
0 (0.0%)
Native American
2 (1.4%)
Hispanic
1 (0.7%)
Other
1 (0.7%)
Gender
147
Male
132 (89.9%)
Female
15 (10.2%)
Education
147
Less than high school
0 (0.0%)
High school diploma/GED
8 (504%)
Some college/ tech school, no
39 (26.5%)
degree/certificate
Completed college/tech school
68 (46.3%)
with degree/certificate
Graduate study in progress or
32 (21.8%)
completed
Relationship Length
144
12.1 (8.6)
Age of youngest child living at
97
6.1 (6.3)
home
Parental Status
147
Parent
83 (53.5%)
Nonparent
64 (43.5%)
Emotional Distress
147
10.6 (4.0)
PTSD - summed score
147
7.4 (3.9)
PTSD - screen
(scores greater than 12 are
147
positive screen)
Negative
131 (89.1%)
Positive
16 (10.9%)

Spouses
Mean (SD)/
N
Freq (%)
147
36.3 (9.1)
119 (81.0%)
15 (10.2%)
2 (1.4%)
8 (5.4%)
1 (0.7%)
2 (1.4%)
0 (0.0%)
147
14 (9.5%)
133 (90.5%)
147
1 (0.7%)
9 (6.1%)
34 (23.1%)
79 (53.7%)
24 (16.3%)
143

12.2 (8.6)
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5.9 (5.8)

147

147
18

88 (59.9%)
59 (40.1%)
10.0 (3.7)
8.22 (4.7)

18
16 (88.9%)
2 (11.1%)

RESPONSIVENESS, SLEEP AND PAIN IN VETERANS AND SPOUSES
Table 2. Descriptive statistics and paired sample t-test statistics for the primary
study variables.
Variable

PPR
Positive
Affect
Negative
Affect
Sleep
Quality
Pain

Mean (SD) Min, Max

Mean (SD)

Min, Max

5.89 (1.21)

1.33, 7.00

6.11 (0.97)

2.00, 7.00

2.82 (0.82)

1.13, 4.65

3.09 (0.82)

1.44, 5.00

1.18 (0.23)

1.00, 2.29

1.23 (0.41)

1.00, 4.00

2.72 (0.38)

1.83, 4.00

2.77 (0.44)

1.40, 4.00

18.11 (18.96) 0.00, 78.73 13.31 (13.85)

Note: PPR = perceived partner responsiveness.

0.00, 64.91

Paired
Sample T-test
t(147)= -2.20,
p=.030
t(147)= -3.69 ,
p=.000
t(147)= -1.71,
p=.089
t(147)= -1.10,
p=.274
t(147)= 2.64,
p=.009
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Table 3. Within-veteran, within-spouse, inter-partner correlations and among
study variables and considered control variables.

96
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Table 4. Indirect effects for the APIMeM of perceived partner responsiveness predicting
sleep quality via positive affect.
Effect
Estimates
b
se
95% CI
Veteran PPR to Veteran Sleep Quality
Total Indirect Effect
Indirect through Actor (V) Positive Affect
Indirect through Partner (Sp) Positive Affect

0.06***
0.06***
0.00

0.02
0.01
0.01

0.03, 0.09
0.03, 0.09
-0.01, 0.01

Total Indirect Effect
Indirect through Actor (Sp) Positive Affect

0.05**
0.05**

0.02
0.02

0.02, 0.09
0.02, 0.09

Indirect through Partner (V) Positive Affect

0.00

0.00

-0.01, 0.01

Total Indirect Effect

0.01

0.02

-0.02, 0.06

Indirect through Actor (V) Positive Affect

0.01

0.02

-0.02, 0.05

Indirect through Partner (Sp) Positive Affect

0.00

0.01

-0.01, 0.02

Total Indirect Effect

0.04

0.02

0.01, 0.07

Indirect through Actor (Sp) Positive Affect

0.03**

0.01

0.01, 0.06

Indirect through Partner (V) Positive Affect

0.00

0.01

-0.02, 0.02

Spouse PPR to Spouse Sleep Quality

Spouse PPR to Veteran Sleep Quality

Veteran PPR to Spouse Sleep Quality

Note: V = veterans, Sp = spouses, PPR = Perceived partner responsiveness, * significant
at p < .05, ** significant at p ≤ .01, *** significant at p ≤ .001. Table corresponds to
Figure 14.
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Table 5. Indirect effects for the APIMeM of perceived partner responsiveness predicting
sleep quality via negative affect.
Effect
Estimates
b
se
95% CI
Veteran PPR to Veteran Sleep Quality
Total Indirect Effect
Indirect through Actor (V) Negative Affect
Indirect through Partner (Sp) Negative Affect

0.02*
0.02**
0.00

0.01
0.01
0.00

0.01, 0.03
0.01, 0.03
-0.00, 0.00

0.06***
0.06***
0.00

0.02
0.02
0.00

0.03, 0.10
0.03, 0.10
-0.01, 0.01

Total Indirect Effect

0.01

0.01

-0.02, 0.04

Indirect through Actor (V) Negative Affect

0.01

0.01

-0.01, 0.03

Indirect through Partner (Sp) Negative Affect

0.00

0.00

-0.02, 0.02

Total Indirect Effect

-0.01

0.01

-0.03, 0.02

Indirect through Actor (Sp) Negative Affect

-0.01

0.01

-0.03, 0.02

Indirect through Partner (V) Negative Affect

0.00

0.00

-0.01, 0.01

Spouse PPR to Spouse Sleep Quality
Total Indirect Effect
Indirect through Actor (Sp) Negative Affect
Indirect through Partner (V) Negative Affect
Spouse PPR to Veteran Sleep Quality

Veteran PPR to Spouse Sleep Quality

Note: V = veterans, Sp = spouses, PPR = Perceived partner responsiveness, * significant
at p < .05, ** significant at p ≤ .01, *** significant at p ≤ .001. Table corresponds to
Figure 15.
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Table 6. Indirect effects for the APIMeM of perceived partner responsiveness predicting
pain via positive affect.
Effect
Estimates
b
se
95% CI
Veteran PPR to Veteran Pain
Total Indirect Effect
Indirect through Actor (V) Positive Affect
Indirect through Partner (Sp) Positive Affect

-1.17*
-1.34*
0.17

0.60
0.66
0.37

-2.58, -0.22
-2.97, -0.27
-0.56, 0.95

-0.33
-0.38
0.05

0.35
0.36
0.16

-1.14, 0.27
-1.21, 0.24
-0.11, 0.64

Total Indirect Effect

-0.05

0.68

-1.26, 1.46

Indirect through Actor (V) Positive Affect

-0.30

0.45

-1.65, 0.36

0.25

0.57

-0.72, 1.58

Total Indirect Effect

-0.03

0.37

-0.77, 0.69

Indirect through Actor (Sp) Positive Affect

-0.25

0.25

-0.88, 0.16

Indirect through Partner (V) Positive Affect

0.22

0.40

-0.55, 1.05

Spouse PPR to Spouse Pain
Total Indirect Effect
Indirect through Actor (Sp) Positive Affect
Indirect through Partner (V) Positive Affect
Spouse PPR to Veteran Pain

Indirect through Partner (Sp) Positive Affect
Veteran PPR to Spouse Pain

Note: V = veterans, Sp = spouses, PPR = Perceived partner responsiveness, * significant
at p < .05, ** significant at p ≤ .01, *** significant at p ≤ .001. Table corresponds to
Figure 17.
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Table 7. Indirect effects for the APIMeM of perceived partner responsiveness predicting
pain via negative affect.
Effect
Estimates
b
se
95% CI
Veteran PPR to Veteran Pain
Total Indirect Effect
Indirect through Actor (V) Negative Affect
Indirect through Partner (Sp) Negative Affect

-1.88**
-1.79*
-0.09

0.70
0.76
0.24

-3.41, -0.74
-3.63, -0.63
-0.83, 0.15

-0.73
-0.58
-0.16

0.57
0.59
0.26

-1.95, 0.38
-1.83, 0.52
-1.02, 0.14

Spouse PPR to Spouse Pain
Total Indirect Effect
Indirect through Actor (Sp) Negative Affect
Indirect through Partner (V) Negative Affect
Spouse PPR to Veteran Pain
Total Indirect Effect

-0.23

1.23

-2.91, 1.98

Indirect through Actor (V) Negative Affect

-1.01

1.02

-3.31, 0.74

0.78

0.65

-0.49, 2.09

-0.21

0.40

-1.02, 0.59

Indirect through Actor (Sp) Negative Affect

0.07

0.17

-0.12, 0.67

Indirect through Partner (V) Negative Affect

-0.28

0.33

-1.04, 0.28

Indirect through Partner (Sp) Negative Affect
Veteran PPR to Spouse Pain
Total Indirect Effect

Note: V = veterans, Sp = spouses, PPR = Perceived partner responsiveness, * significant
at p < .05, ** significant at p ≤ .01, *** significant at p ≤ .001. Table corresponds to
Figure 18.
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Figure 2. Conceptual model depicting how perceived partner responsiveness (PPR)
promotes sleep.

Note: Model adapted from Selcuk and colleagues (2017).
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Figure 3. Hypothesized APIM: PPR–Sleep quality

Note: The figure depicts the APIM in which perceived partner responsiveness is
positively associated with sleep. Note that PPR was assessed in the baseline survey for
SERVe which occurred, on average about a month before the DFS baseline survey began.
PPR- perceived partner responsiveness, v- veteran, s – spouse. The direction of the
association is represented by pluses and minuses. The numbered pathways correspond to
hypotheses and research questions. Note that only the veteran’s pathways were numbered
to simplify the depiction.
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Figure 4. Hypothesized APIMeM: PPR–Downregulation of vigilance–Sleep quality

Note: The figure depicts the APIMeM in which perceived partner responsiveness is
positively associated with sleep as mediated by downregulation of vigilance, which is
comprised of increased positive affect and decreased negative affect. This model presents
downregulation of vigilance in one model although I tested positive affect and negative
affect separately. PPR- perceived partner responsiveness, v- veteran, s – spouse. The
direction of the association is represented by pluses and minuses. The numbered
pathways correspond to hypotheses and research questions. Note that only the veteran’s
pathways were numbered to simplify the depiction
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Figure 5. Hypothesized APIM: PPR–Pain

Note: The figure depicts the APIM in which perceived partner responsiveness is
negatively associated with pain. PPR- perceived partner responsiveness, v- veteran, s –
spouse. The direction of the association is represented by pluses and minuses. The
numbered pathways correspond to hypotheses and research questions. Note that only the
veteran’s pathways were numbered to simplify the depiction
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Figure 6. Hypothesized APIMeM: PPR–Emotion regulation–Pain

Note: The figure depicts the APIMeM in which perceived partner responsiveness is
negatively associated with pain as mediated by increased positive affect and decreased
negative affect, collectively presented here as emotion regulation for simplicity. PPRperceived partner responsiveness, v- veteran, s – spouse. The direction of the association
is represented by pluses and minuses. The numbered pathways correspond to hypotheses
and research questions. Note that only the veteran’s pathways were numbered to simplify
the depiction
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Figure 7. Visual analog scale used to rate pain severity.

Note: Figure from Mattacola, Perrin, Gansneder, Allen & Mickey, 1997.
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Figure 8. Histograms of the outcome of sleep quality

Note: 0 = veterans; 1 = spouses.
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Figure 9. Histograms of the outcome of pain

Note: 0 = veterans; 1 =spouses.
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Figure 10. Histograms of the mediator of positive affect

Note: 0 = veterans; 1 = spouses
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Figure 11. Histograms of the mediator of negative affect

Note: 0 = veterans; 1 = spouses.
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Note: This figure depicts the results from the actor-partner interdependence model for perceived partner
responsiveness predicting sleep quality. T1 refers to Time 1, when the larger SERVe baseline survey was collected
and T2 refers to Time 2, when the DFS 32-day study was collected and T2 refers to Time 2, when the DFS 32-day
study was collected; * significant at p < .05, ** significant at p ≤ .01, *** significant at p ≤ .001.
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Figure 12. Results of APIM: PPR–Sleep Quality
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Note: This figure depicts the results from the actor-partner interdependence mediation model for perceived partner
responsiveness predicting sleep quality through positive affect. T1 refers to Time 1, when the larger SERVe baseline
survey was collected and T2 refers to Time 2, when the DFS 32-day study was collected; * significant at p < .05, **
significant at p ≤ .01, *** significant at p ≤ .00.
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Figure 13. Results of APIMeM: PPR–Positive Affect–Sleep Quality
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Note: This figure depicts the results from the actor-partner interdependence mediation model for perceived partner
responsiveness predicting sleep quality through negative affect. T1 refers to Time 1, when the larger SERVe baseline
survey was collected and T2 refers to Time 2, when the DFS 32-day study was collected; * significant at p < .05, **
significant at p ≤ .01, *** significant at p ≤ .001.
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Figure 14. Results of APIMeM: PPR–Negative Affect–Sleep Quality
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Note: This figure depicts the results from the actor-partner interdependence model for perceived partner
responsiveness predicting pain. T1 refers to Time 1, when the larger SERVe baseline survey was collected and T2
refers to Time 2, when the DFS 32-day study was collected; * significant at p < .05, ** significant at p ≤ .01, ***
significant at p ≤ .001.
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Note: This figure depicts the results from the actor-partner interdependence mediation model for perceived partner
responsiveness predicting pain through positive affect. T1 refers to Time 1, when the larger SERVe baseline survey
was collected and T2 refers to Time 2, when the DFS 32-day study was collected; * significant at p < .05, **
significant at p ≤ .01, *** significant at p ≤ .001.
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Figure 16. Results of APIMeM: PPR–Positive Affect–Pain
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Note: This figure depicts the results from the actor-partner interdependence mediation model for perceived partner
responsiveness predicting pain through negative affect. T1 refers to Time 1, when the larger SERVe baseline survey
was collected and T2 refers to Time 2, when the DFS 32-day study was collected; * significant at p < .05, **
significant at p ≤ .01, *** significant at p ≤ .001.
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Figure 17. Results of APIMeM: PPR–Negative Affect–Pain
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